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Abstract:  Ovarian  cancer  is  the  most  lethal  form  of  gynecological  malignancies  with  limited  durable  responses  observed  following  front 
line  treatment  for  late  stage  recurrent  disease.  We  proposed  to  assess  the  role  of  alpha  10  beta  1  on  tumor  growth  and  chemo sensitivity  in 
vivo.  We  have  made  significant  progress  towards  the  completion  of  the  overall  goals  of  this  project.  In  particular  we,  have  characterized 
stromal  cell  infiltration  of  ovarian  tumors  and  have  shown  extensive  infiltration  of  tumor  associated  blood  vessels  as  well  as  fibroblasts 
which  can  express  high  levels  of  pro-tumorigenic  cytokines.  Targeting  the  HU177  collagen  epitope  recognized  by  alpha  10  beta  1 
significantly  reduced  angiogenesis  and  fibroblast  infiltration.  Interestingly,  while  reducing  expression  of  alpha  1 0  beta  1  can  inhibit 
fibroblast  migration  on  denatured  collagen;  it  failed  to  reduce  cell  adhesion.  Moreover  a  peptide  antagonist  of  alpha  1 0  beta  1  may  inhibit 
ovarian  tumor  growth  in  vivo.  Our  studies  suggest  that  the  number  and  size  of  ovarian  tumors  was  reduced  in  transgenic  mice  that  lack 
alpha  10  beta  1  and  a  reduction  in  stromal  cell  infiltration  was  observed  in  tumors  from  alpha  10  beta  1  null  mice.  Moreover,  our  data 
suggest  the  presence  of  fibroblast  that  express  integrin  alpha  10  beta  1  may  provide  a  growth  advantage  to  ovarian  tumors  in  vivo. 
Collectively,  our  new  findings  support  the  hypothesis  that  alpha  10  beta  1  plays  a  role  in  regulating  stromal  cell  behavior  and  ovarian  tumor 
growth. 
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Introduction:  Ovarian  cancer  continues  to  represent  one  of  the  most  lethal  forms  of  malignancies  among 
women.  While  chemotherapy  has  demonstrated  some  level  of  efficacy,  recurrent  tumors  often  exhibit  a 
significant  level  of  chemoresistance  with  limited  efficacy  observed  with  second  and  third  line  therapies.  In 
addition  to  the  malignant  ovarian  tumor  cells  themselves,  stromal  infiltrates  such  as  cancer-associated 
fibroblasts  (CAFs)  represent  a  major  component  of  malignant  ovarian  tumors.  Accumulating  evidence 
indicates  that  stromal  cell  infiltrates  may  play  an  important  role  in  regulating  tumor  growth  as  well  as 
chemoresistance.  However,  the  mechanisms  that  control  stromal  cell  infiltration  into  ovarian  tumor  are  not 
completely  understood.  Interestingly,  biochemical  experiments  and  biophysical  studies  have  demonstrated 
extensive  collagen  remodeling  in  ovarian  tumor  as  compared  to  normal  tissues.  This  differential  ECM 
configuration  might  provide  a  unique  means  for  selectively  regulating  stromal  cell  behavior  since  interactions 
with  remodeled  ECM  may  alter  cell  adhesion,  migration,  proliferation,  survival  and  gene  expression.  To  this 
end,  the  overall  goal  of  this  proposal  was  to  test  the  hypothesis  that  alterations  of  the  biophysical  structure  of 
collagen  results  in  the  exposure  of  a  previously  unrecognized  alpha  10  beta  1  integrin-binding  element  that 
facilitates  reprogramming  and  accumulation  of  a  subset  of  host  derived  CAF-like  stromal  cells  that  support 
tumor  growth  and  modulate  chemosensitivity.  In  this  regard,  we  proposed  two  specific  aims  for  this  pilot 
project.  The  first  aim  was  to  assess  the  role  of  alpha  10  beta  1  on  tumor  growth  and  chemosensitivity  in  vivo 
using  murine  and  human  ovarian  tumor  models.  We  examined  the  impact  of  function  blocking  antagonists 
directed  to  alpha  10  beta  1  alone  and  in  combination  with  chemotherapy  on  ovarian  tumor  growth  in  vivo.  In 
the  second  aim,  we  examined  and  characterize  cellular  and  molecular  mechanisms  by  which  alpha  10  beta  1 
expressed  in  the  stromal  cells  modulates  tumor  growth  and  chemosensitivity. 

2).  Key  Words: 

1) .  Ovarian  cancer 

2) .  Alpha  SMA 

3) .  Integrin  alpha  10  beta  1 

4) .  Stromal  Fibroblast 

5) .  Angiogenesis 

6) .  Cisplatin 

7) .  Chemosensitivity 

8) .  Cell  adhesion 

9) .  Cell  migration 

10) .  Cell  proliferation 

11) .  Cytokines 

3).  Accomplishments: 

Summary  of  major  goals  of  the  project: 

A) .  As  outlined  in  aim  1  (tasks  1-3)  we  proposed  to  analyze  the  effects  of  antagonists  of  alpha  10  beta  1  alone 
and  in  combination  with  chemotherapy  on  tumor  growth  in  vivo  using  both  transgenic  and  wild  type  human 
and  murine  ovarian  tumor  models.  We  carried  out  a  histopathological  analysis  of  the  ovarian  tumors  along 
with  an  analysis  of  potential  changes  in  cytokine  expression  in  both  serum  and  conditioned  medium  from 
stromal  cells. 

B) .  As  outlined  in  aim  1  (task  4)  we  proposed  to  analyze  the  growth  of  ovarian  cancer  cells  mixed  with  alpha 
10  beta  1  fibroblast  variants  in  mice  alone  and  in  combination  with  chemotherapy.  We  carry  out  a 
histopathological  analysis  of  the  ovarian  tumors  along  with  an  analysis  of  changes  in  cytokine  expression  in 
both  serum  and  conditioned  medium  from  stromal  cells. 

C) .  As  outlined  in  aim  2  (tasks  1  and  2)  we  analyzed  the  role  of  alpha  10  beta  1  in  regulating  stromal  cell 
adhesion,  migration  and  proliferation  on  distinct  ECM  substrates  including  native  and  denatured  collagen. 
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D).  As  outlined  in  aim  2  (task  3)  we  analyzed  the  role  of  alpha  10  beta  1  on  fibroblast  growth  factors  and 
cytokines  and  their  impact  on  ovarian  tumor  cell  behavior. 


Specific  Accomplishments  for  reporting  period  as  they  relate  to  the  major  goals  described  above. 

We  have  made  significant  progress  towards  the  overall  goals  of  our  project  (July  2014  through  July  2016).  In 
this  regard,  we  have  detailed  all  the  completed  experiments  to  date  and  summarized  the  overall 
accomplishments  and  experimental  results  achieved  during  the  project  below.  In  addition,  studies  outlined  in 
this  project  were  also  used  as  part  of  a  manuscript  that  was  published  (see  appendix).  A  detailed  summary  of 
the  research  accomplishments  as  they  pertain  to  the  tasks  outlined  in  the  statement  of  work  is  provided  below. 


Tumorigenic  properties  and  stromal  infiltration  of  murine  ID8  and  human  SKOV-3  ovarian  tumors  in 
in  vivo.  Our  studies  suggested  that  targeting  the  HU  177  cryptic  epitope  recognized  by  integrin  alpha  10  beta  1 
inhibited  SKOV-3  tumor  growth  in  vivo  and  reduced  the  accumulation  of  alpha  SMA  expressing  stromal  cells 
by  approximately  70%  (See  Appendix).  To  further  examine  changes  in  stromal  infiltration  of  ovarian  tumors 
as  outlined  in  aim  1,  we  quantifying  basal  levels  of  angiogenesis  in  SKOV-3  tumors  as  well  as  the  levels  of 
angiogenesis  following  treatment  with  antagonists  of  the  HU177  collagen  epitope.  As  shown  in  figure  1A  and 
B,  mice  carrying  SKOV-3  tumors  exhibited  an  approximately  35%  reduction  in  angiogenesis  as  compared  to 
controls.  Next  we  began  to  establish  the  working  conditions  to  assess  the  growth  properties  of  murine  ID8 
ovarian  tumors  in  C57BL/6  mice.  Briefly,  ID8  cells  (5xl06)  were  injected  subcutaneously  into  C57BL/6  mice 
and  resulting  tumors  were  analyzed  6  weeks  later.  As  shown  in  figure  1C,  small  be  definable  ID8  ovarian 
tumors  formed  as  indicated  by  H&E  staining.  While  solid  tumor  did  form,  the  resulting  tumors  were  very 
small  and  thus  a  much  larger  number  of  tumor  cells  as  well  as  a  longer  incubation  period  were  needed  to 
establish  larger  tumors  for  a  more  accurate  analysis.  Finally,  to  assess  whether  alpha  SMA  expressing  stromal 
cells  are  able  to  infiltrate  these  early  stage  ID8  tumors,  frozen  sections  were  prepared  and  stained  for  the 
presence  of  alpha  SMA  expressing  stromal  cells.  As  shown  in  figure  ID,  alpha  SMA  expressing  stromal  cell 
were  readily  detected  within  these  ID8  ovarian  carcinomas. 


A. 


B. 


NT  Anti-HU177  Ab  Cont 


Figure  1.  Characterization  of  in  tumorigenic  properties 
and  stromal  infiltration  of  murine  ID8  and  human 
SKOV-3  ovarian  tumors  in  in  vivo.  Mice  were  injected 
with  SKOV-3  cells  and  untreated  or  treated  with  anti-HU  177 
or  control  antibodies.  A),  Examples  of  tumors  from  each 
condition  stained  for  CD-31  (red).  B),  Quantification  of 
tumor  angiogenesis.  Data  bars  represent  mean  vessels  per 
100X  field  +  SE.  C),  Example  of  ID8  tumors  stained  by 
H&E.  D).  Example  of  ID8  tumors  stained  for  expression  of 
alpha  SMA  (Red). 
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Analysis  of  stromal  infiltration  of  murine  ID8  ovarian  tumors  in  in  vivo.  Recent  studies  have  indicated 
immune  suppression  in  ovarian  cancer  may  govern  the  efficacy  of  current  therapies.  Given  our  data,  we 
extended  our  studies  to  examine  the  levels  and  distribution  of  the  immune  checkpoint  molecule  PD-L1  in  ID8 
tumors.  Interestingly,  while  minimal  levels  PD-L1  (Red)  was  detected  in  association  with  tumor  cells  or  CD8+ 
T-cells  (green),  PD-L1  appeared  to  be  more  strongly  associated  with  stromal  infiltrates  (fig  2A).  To  confirm 
these  observations  we  stained  the  tumors  for  PD-L1  and  alpha  SMA.  PD-L1  was  extensively  associated  with 
alpha  SMA  positive  CAF-like  cells  (fig  2B).  These  results  indicate  that  alpha  SMA  expressing  CAF-like 
stromal  cells  express  considerable  levels  of  PD-L1  and  may  contribute  to  immune  suppression  in  these  ID8 
tumors. 


A. 


B. 


PD-Ll  CD8+  Merged 


Figure  2.  Expression  of 
PD-Ll,  CD8  and  alpha 
SMA  in  ID8  tumors. 

ID 8  tumor  cells  were 
injected  into  C57BL/6 
mice.  A).  PD-Ll  (red) 
and  CD8+  T-cells 
(green)  in  ID  8  ovarian 
tumors.  B).  PD-Ll 
(green)  and  alpha  SMA 
(red)  in  ID  8  ovarian 
tumors. 


Effects  of  PGF  peptide  on  alpha  10  beta  1  integrin  binding  to  denatured  collagen.  Our  studies  suggested 
that  integrin  alpha  10  beta  1  directly  binds  the  PGF  peptide,  which  contains  critical  residues  within  the  HU  177 
cryptic  collagen  epitope.  To  examine  the  ability  of  the  synthetic  PGF  collagen  peptide  to  act  as  an  antagonist 
of  alpha  10  beta  1  integrin  we  assessed  the  ability  of  the  PGF  peptide  to  reduce  binding  of  recombinant  alpha 
10  beta  1  to  denatured  collagen  in  a  competition  ELISA.  As  shown  in  figure  3,  incubation  of  the  PGF-peptide, 
but  not  a  control  non-specific  peptide  with  recombinant  alpha  10  beta  1  reduced  it’s  binding  by  approximately 
60%  as  compared  with  control.  These  findings  are  consistent  with  our  previous  studies  indicating  that  the  Mab 
directed  to  the  HU  177  collagen  epitope  inhibited  alpha  10  beta  1  binding  to  denatured  collagen  by  60%  and 
suggest  that  the  PGF-peptide  inhibits  alpha  10  beta  1  binding  at  the  concentrations  tested. 


Figure  3.  Effects  of  PGF  peptide  on  alpha  10  beta  1  integrin  binding 
to  denatured  collagen.  Integrin  alpha  10  beta  1  binding  to  denatured 
collagen  in  the  presence  of  synthetic  HU  177  epitope  or  control  peptide. 
Data  bars  represent  mean  integrin  binding  indicated  as  percent  of 
control+  SE  from  3  experiments.  *  P<0.05  as  compared  to  controls. 


The  co-inhibitory  molecule  PD-Ll  is  expressed  in  alpha  SMA  expressing  CAF-like  cells  and  closely 
associates  with  the  HU177  collagen  epitope  in  ID8  tumors.  Our  studies  (see  Appendix)  indicate  that  alpha 
SMA  positive  stromal  cells  are  closely  associated  with  the  HU177  epitope  in  ovarian  tumors.  Moreover,  the 
expression  of  PD-Ll  in  the  ID8  ovarian  tumors  appeared  to  co-localize  with  stromal  infiltrates  rather  than 
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CD8+  T-cells.  Therefore,  we  co-stained  ID8  tumors  for  HU177  epitope  and  PD-L1.  PD-L1  positive  cells 
(green)  closely  associated  (yellow)  with  the  HU177  (red)  epitope  (fig  4A).  To  examine  whether  PD-L1  was 
also  expressed  in  alpha  SMA  positive  fibroblasts  that  express  markers  of  an  activated  or  CAF-like  phenotype, 
we  analyzed  lysates  from,  transformed  NIH-3T3  and  rat  fibroblasts,  and  isolated  CAFs.  Fibroblasts  exhibiting 
CAF-like  phenotype  express  PD-L1  (fig  4B).  Given  these  studies,  PD-L1  expressed  within  the  stromal 
compartment  may  lead  to  immune  suppression  as  a  result  of  selective  interactions  between  PD-L1  expressed 
on  the  CAF-like  fibroblasts  and  PD-1  expressing  T-cells  entering  the  tumors  thereby  resulting  in  reduced  T- 
cell  cytotoxic  functions  ultimately  resulting  in  reduced  overall  immune  control  of  these  ovarian  tumors. 


A. 


B. 


HU  177  Epitope 


PD-L1 


Merged 


CAF  3T3  Fib  Rat  Fib 


PD-L1 


p-Actin 


Figure  4.  Expression  of 
HU177  epitope,  and  PD-L1  in 
ID8  tumor  and  levels  of  PD- 
L1  in  CAF-like  cells.  A). 

Examples  of  HU  177  epitope 
(red)  and  PD-L1  (green)  in  ID8 
ovarian  tumors.  B).  Western 
blot  of  lysates  from  CAFs, 
immortalized  3T3  and  rat 
fibroblasts  for  PD-L1. 


The  HU177  collagen  epitope  can  support  T-cell  interactions  but  antagonists  to  this  epitope  failed  to 
block  T-cell  adhesion  in  vitro.  Next,  given  our  observations,  we  examined  the  ability  of  T-cell  lines  to  bind 
denatured  collagen,  and  examined  whether  the  HU177  epitope  played  a  role  in  this  adhesive  event  in  vitro. 
Surprisingly,  while  T-cell  lines  expressed  alpha  10  integrin,  one  of  at  least  two  integrins  capable  of  binding  to 
the  HU177  epitope  (fig  5 A),  anti-HU177  antibody  failed  to  block  T-cell  adhesion  to  denatured  collagen  (fig 
5B).  These  data  suggest  that  the  HU  177  collagen  epitope  may  not  play  a  direct  role  in  mediating  T-cell 
adhesion  under  these  conditions. 

Figure  5.  Anti-HU177  antibody  failed  to 
inhibit  T-cell  adhesion  even  though  they 
express  alpha  10  integrin.  A).  Analysis  of  T-cell 
lines  for  alpha  10  integrin  by  western  blot.  B). 
Quantification  of  T-cell  adhesion  to  denatured 
collagen.  Data  bars  represent  mean  cell  adhesion 
+  S.E  from  triplicate  wells. 


Conditioned  medium  (CM)  from  human  fibroblast  (HF)  that  exhibit  a  CAF-like  phenotype  stimulate 
elevated  levels  of  PD-L1  in  T-cells.  Our  studies  indicate  a  functional  role  for  CAF-like  cells  in  regulating 
ovarian  tumor  growth  and  cellular  interactions  with  the  HU  177  collagen  epitope  regulate  stromal  cell 
infiltration  into  ovarian  tumors.  Studies  have  documented  that  CAF-like  stromal  cells  contribute  to  immune 
suppression  and  may  regulate  T-cell  functions.  Given  that  blocking  the  HU  177  epitope  in  vivo  reduced  CAF- 
like  stromal  cell  infiltration  into  ovarian  tumors,  we  sought  to  examine  the  effects  conditioned  medium  (CM) 
from  CAF-like  fibroblasts  might  have  on  immune  checkpoint  molecule  PD-L1  within  T-cells.  Incubation  of  T- 
cells  with  fibroblast  CM  increased  expression  of  PD-L1  (fig  6).  These  findings  suggest  that  soluble  factors 
released  from  these  CAF-like  cells  may  contribute  to  immune  suppression  by  stimulating  enhanced  levels  of 
PD-L1.  Thus,  it  is  possible  that  blocking  infiltration  of  CAF-like  stromal  cells  within  ovarian  tumors  with  anti- 
HU177  antibody  may  limit  and/or  reverse  immune  suppression  associated  with  ovarian  cancer. 

Figure  6.  Conditioned  medium  (CM)  from  human  fibroblast  (HF)  that 
exhibit  a  CAF-like  phenotype  stimulate  elevated  levels  of  PD-L1  in  T- 
cells.  Human  fibroblasts  that  exhibit  a  CAF-like  phenotype  (express  alpha 
SMA,  PDGFR  alpha  and  activated  NFkb)  were  used  to  prepare  serum  free 
concentrated  10X  (HF  CM)  or  10X  serum  free  medium  without  cells  (Con 
CM).  CM  was  used  to  stimulate  T-cells  for  24rs  and  whole  cell  lysates 
prepared.  Lysates  from  T-cell  stimulated  with  HF  conditioned  medium  (CM) 
was  analyzed  for  the  expression  of  PD-L1  by  western  blot. 


T-cell  (Jurkat) 
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Mr  an  Cell  Adhesion  Percent  of  Control) 


Stimulation  of  T-cells  with  soluble  HU177  collagen  epitope  peptide  (PGF-peptide)  alters  protein 
expression.  Significantly  higher  levels  of  a  soluble  circulating  form  of  the  HU  177  epitope  has  been 
documented  in  human  subjects  with  melanoma  as  compared  to  control  subjects,  and  the  levels  of  this  soluble 
HU177  epitope  correlated  with  tumor  thickness,  recurrence  and  death.  Thus,  soluble  HU177  collagen  epitope 
may  facilitate  tumor  progression.  To  this  end  we,  examined  the  effects  of  the  soluble  HU177  collagen  epitope 
PGF-peptide  (CPGFPGFC)  on  PD-L1  expressed  in  T-cells.  Stimulation  of  T-cells  with  the  soluble  HU177 
epitope  resulted  in  minimal  changes  in  PD-L1  (fig  7A).  Surprisingly,  stimulation  of  T-cells  with  the  HU177 
epitope  dramatically  enhanced  the  levels  of  Bell  lb  (Fig  7B),  a  zinc  finger  T-cell  transcription  factor  that 
regulates  T-cell  functions.  Importantly,  Bell  lb  plays  critical  roles  in  the  immune  suppressive  activity  of  T- 
Regs.  Moreover,  studies  indicate  that  reducing  levels  of  Bell  lb  in  T-cells  subsets  leads  to  reprograming  of  T- 
cells  into  natural  killer  (NK)-like  cells  called  ITNK  cells  that  express  high  levels  of  perforin,  granzyme  B,  and 
INF-gamma,  which  collectively  control  the  ability  of  NK  cells  to  kill  tumors.  Therefore,  it  is  possible  that 
targeting  the  HU  177  collagen  epitope  with  anti-HU  177  antibody,  may  not  only  reduce  immune  suppressive 
CAF-like  stromal  infiltration,  but  may  also  contribute  to  the  reversal  of  immune  suppression  by  blocking  the 
ability  of  the  soluble  HU  177  epitope  from  inducing  Bell  lb  expression  in  T-cells  thereby  reducing  T-Reg 
functions  and  enhancing  the  formation  of  NK-like  cells. 

A.  B. 


T-Cell  (Jurkat) 


T-Cell  (Jurkat) 
PGF  Cont 


Figure  7.  Stimulation  of  T-cells  with  soluble  HU177  collagen 
epitope  peptide  (PGF-peptide)  alters  protein  expression. 

Jurkat  T-cells  were  incubated  (lOOng/ml)  with  soluble  HU  177 
collagen  epitope  peptide  (CPGFPGFC)  or  control  peptide 
(CQGPSGAPGEC)  and  whole  cell  lysates  prepared.  A). 
Analysis  of  T-cell  lysates  for  expression  of  PD-L1  by  western 
blot.  B).  Analysis  of  T-cell  lysates  for  expression  of  Bell  lb  by 
western  blot. 


Effects  of  PGF  peptide  on  fibroblast  cell  adhesion  and  migration.  Given  our  studies  indicating  the  ability 
of  the  PGF  peptide  to  inhibit  alpha  10  beta  1  -binding  activity,  we  next  examined  the  ability  of  this  peptide  to 
alter  fibroblast  cell  adhesion  and  migration  on  denatured  collagen.  As  shown  in  figure  8A,  incubation  of  alpha 
SMA  expressing  fibroblasts  with  the  PGF  collagen  peptide  resulted  in  a  significant  (P<0.05)  approximately 
50%  inhibition  of  adhesion  to  denatured  collagen.  In  similar  studies  the  PGF-peptide  also  significantly 
(P<0.05)  inhibited  fibroblast  migration  by  approximately  50%  (Figure  8B).  Collectively  these  important 
findings  confirm  the  function  blocking  ability  of  the  PGF-peptide  to  disrupt  fibroblast  adhesion  and  migration 
on  denatured  collagen. 


Figure  8.  Effects  of  PGF  peptide  on 
fibroblast  adhesion  and  migration  on 
denatured  collagen.  Human  fibroblasts  were 
resuspended  in  the  presence  or  absence  the 
HU  177  cryptic  collagen  epitope  peptide 
(PGF)  or  control  peptide.  A).  Data  bars 
represent  mean  adhesion  indicated  as  percent 
of  control+  SE  from  3  experiments.  B).  Data 
bars  represent  mean  migration  indicated  as 
percent  of  control+  SE  from  3  experiments.  * 
P<0.05  as  compared  to  controls. 
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Effects  of  antagonists  of  alpha  10  beta  1  alone  and  in  combination  with  cisplatin  on  ovarian  tumor 
growth  in  vivo.  As  outlined  in  specific  aim  1,  we  assess  the  effects  of  combining  cisplatin  with  antagonists  of 
the  alpha  10  beta  1.  Nude  mice  were  first  injected  with  SKOV-3  human  ovarian  tumor  cells  and  3  days  later 
were  treated  with  control  DMSO,  or  anti-  alpha  10  beta  1  peptide  (PGF)  alone,  cisplatin  alone  or  a 
combination  of  both.  Tumor  size  was  monitored  by  caliper  measurements  for  21  days.  As  shown  in  figure  9, 
cisplatin  (lO.Omg/Kg),  which  was  given  twice  per-week,  inhibited  SKOV-3  tumor  growth.  Interestingly, 
similar  inhibition  of  tumor  growth  was  initially  observed  with  anti-  alpha  10  beta  1  peptide  PGF  (lO.Omg/Kg) 
given  three  times  per  week  within  the  first  2  weeks,  however,  by  21  days  the  relative  inhibition  of  tumor 
growth  was  less.  Surprisingly,  while  no  additive  or  synergistic  effects  were  observed  following  combining 
cisplatin  and  the  PGF  peptide  (lO.Omg/Kg),  these  preliminary  studies  suggest  that  targeting  the  alpha  10  beta  1 
in  SKOV-3  tumors  may  represent  a  novel  strategy  to  regulate  the  growth  of  ovarian  tumors  in  vivo. 

Additional  experiments  using  a  range  of  concentrations  will  be  required  to  determine  whether  combining 
PGF -peptide  may  enhance  the  anti-tumor  activity  of  cisplatin.  Given  the  limited  anti-tumor  activity  observed 
at  later  time  points,  additional  studies  are  underway  to  examine  whether  alterations  in  concentrations  over  time 
may  result  in  the  PGF-peptide  acting  as  an  agonists  instead  of  an  antagonist. 


SKOV-3 


Time  in  Days 


Figure  9.  Effects  of  antagonists  of  alpha  10  beta  1  alone  and 
in  combination  with  cisplatin  on  ovarian  tumor  growth  in 
vivo.  Human  SKOV-3  ovarian  carcinoma  cells  (3xl06/mouse) 
were  injected  in  nude  mice.  Three  days  later  mice  were  treated 
i.p  with  vehicle  control  (DMSO),  cisplatin  (lOmg/kg)  alone, 
anti-  alpha  10  beta  1  peptide  PGF  (lO.Omg/kg)  alone  or  a 
combination  of  both.  Data  bars  represent  mean  tumor  volumes 
+  standard  errors  from  6  mice  per  condition. 


Histopathological  analysis  of  tumors  treated  with  antagonists  of  alpha  10  beta  1  alone  and  in 
combination  with  cisplatin.  As  outlined  in  specific  aim  1 ,  we  began  to  establish  the  working  conditions  for 
immunohistological  quantification  of  cancer  associated  stromal  cells  including  alpha  SMA  expressing 
fibroblasts  infiltrates.  As  shown  in  figure  10  alpha  SMA  expressing  stromal  cells  (red)  were  readily  detected 
in  control  treated  SKOV-3  tumors  at  the  21 -day  time  point.  Interestingly,  a  reduction  in  the  relative  levels  of 
alpha  SMA  expressing  stromal  cells  was  observed  in  tumors  in  what  appeared  to  be  a  distinct  subset  of  cells  as 
some  isolated  alpha  SMA  expressing  cells  still  remained  as  small  isolated  groups  scattered  throughout  the 
tumor.  While  quantification  is  clearly  required,  initial  observations  also  suggest  that  cisplatin  had  little  effect 
on  the  infiltration  of  alpha  SMA  expressing  cells.  In  fact,  slightly  enhanced  levels  were  observed  in  these 
tumors  as  compared  to  controls,  while  tumors  from  the  combination  treated  mice  had  a  similar  distribution  of 
alpha  SMA  as  was  observed  with  tumors  treated  with  PGF  peptide  alone. 

Control  DMSO  PGF  Peptide 

Figure  10.  Histopathological  analysis  of  tumors  treated  with 
antagonists  of  alpha  10  beta  1  alone  and  in  combination  with 
cisplatin  SKOV-3  ovarian  carcinoma  cells  (3xl06/mouse)  were 
injected  in  nude  mice.  Three  days  later  mice  were  treated  i.p  with 
vehicle  control  (DMSO),  cisplatin  (lOmg/kg)  alone,  anti-alpha  10  beta 
1  peptide  PGF  (lO.Omg/kg)  alone  or  a  combination  of  both.  Frozen 
sections  from  each  tumor  were  stained  for  expression  of  alpha  SMA 
(Red).  Photos  (200x)  represent  examples  from  each  experimental 
condition. 
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Analysis  of  serum  samples  from  mice  treated  with  antagonists  of  alpha  10  beta  1  alone  and  in 
combination  with  cisplatin.  Given  the  surprising  findings  that  treatment  of  mice  bearing  SKOV-3  ovarian 
tumors  with  the  PGF -peptide  had  only  minimal  effect  at  later  time  points,  we  carried  out  preliminary  study  to 
establish  the  conditions  to  examine  serum  from  these  treated  mice  for  a  panel  of  inflammatory  cytokines.  As 
shown  in  figure  1 1 ,  after  the  relative  cytokine  levels  were  corrected  for  non-specific  signal  treatment  of  mice 
with  the  PGF -peptide  caused  a  dramatic  increase  in  the  detectable  levels  of  TGFbl  in  the  serum  as  compared 
to  control  (DMSO)  treated  mice.  Similar  results  were  obtained  from  a  second  mouse.  Interestingly,  cisplatin 
treatment  also  caused  an  increase  in  TGFbl.  Little  if  any  detection  of  the  other  cytokines  was  observed  in  the 
serum  under  these  specific  conditions,  possibly  do  to  the  dilution  of  serum.  Additional  experiment  will  be 
required  to  confirm  these  results. 
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Figure  11.  Analysis  of  serum  samples  from  mice 
treated  with  antagonists  of  alpha  10  beta  1  alone 
and  in  combination  with  Cisplatin.  Representative 
example  of  the  relative  detection  of  a  panel  of 
cytokines  in  serum  from  a  mouse  treated  as  indicated. 
Values  indicate  relative  O.D  (450nm)  after  subtraction 
for  non-specific  binding.  ELISA  detection  of 
cytokines  from  a  Multi-Analyte  array  kit. 


Effects  of  alpha  10  beta  1  in  alpha  SMA  expressing  fibroblasts  on  collagen  adhesion.  As  outlined  in  aim  2, 
we  sought  to  examine  the  effects  of  alpha  10  beta  1  expression  in  fibroblast  may  have  on  cell  adhesion.  To 
examine  the  functional  significance  of  alpha  10  beta  1  on  fibroblasts  adhesion,  we  first  knocked  down 
expression  of  alO  integrin  by  shRNA.  To  confirm  efficient  knock  down  of  alpha  10  integrin  whole  cell  lysates 
were  prepared  from  fibroblasts  transfected  with  shRNA  directed  to  alpha  10  integrin  (alpha  10-KD-HF)  or  a 
non-specific  control  (Con-KD-HF).  As  shown  in  figure  12A,  little  if  any  alpha  10  integrin  was  detected  in 
alpha  10-KD-HF  fibroblasts  following  western  blot  analysis.  In  contrast  alpha  10  integrin  was  readily  detected 
in  wild  type  and  control  transfected  fibroblasts.  Next  we  examined  the  fibroblast  cell  variants  for  their  ability 
to  attach  to  defined  ECM  substrates.  Surprisingly,  while  the  parental  wild-type  fibroblasts  (WT)  and  control 
transfected  cells  (Con-K/D)  readily  attached  to  either  intact  native  collagen  (Figure  12B)  or  denatured 
collagen  (Figure  1 1C),  fibroblasts  in  which  alpha  10  integrin  was  knocked  down  exhibited  enhanced  adhesion. 
Addition  experiments  will  be  needed  to  confirm  the  significance  of  these  surprising  findings. 


A. 


B. 


C. 


<*10  Con 

WT-HF  K/D-HF  K/D-HF 


- all)  integrin 


P-Actin 


Human  Fibroblast  Adhesion  on  Nat-Coll-4 


Human  Fibroblast  Adhesion  on  Den-Coll-I 


Figure  12.  Effects  of  alpha  10  beta  1  in  alpha  SMA  expressing  fibroblasts  on  collagen  adhesion.  A).  Wild  type 
fibroblasts  (WT-HF)  were  transfected  with  alpha  10-integrin  shRNA  (alpha  10K/D-HF)  or  non-specific  control  (ConK/D-HF), 
Western  blot  analysis  indicates  reduction  of  alpha  10  integrin  in  alpha  10  integrin  (alpha  10K/D-HF)  cells.  B).  Quantification 
of  fibroblasts  variants  attachment  to  native  intact  collagen.  C).  Quantification  of  fibroblasts  variants  attachment  to  denatured 
collagen.  Data  bars  represent  mean  cell  adhesion  expressed  as  percent  of  control  +  standard  deviations  from  triplicate 
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Effects  of  alpha  10  integrin  in  alpha  SMA  expressing  fibroblasts  on  collagen  migration.  As  outlined  in 
aim  2,  we  sought  to  examine  the  effects  of  alpha  10  beta  1  integrin  expression  in  fibroblast  may  have  on  cell 
migration.  Fibroblast  cell  variants  described  above  were  allowed  to  migrate  using  transwell  migration 
chambers  coated  with  denatured  collagen.  As  shown  in  figure  13,  while  the  parental  wild- type  fibroblasts 
(WT)  and  control  transfected  cells  (Con-K/D)  readily  migrated  on  denatured  collagen,  fibroblasts  in  which 
alpha  10  integrin  was  knocked  down  exhibited  significantly  (P<0.05)  reduced  migration. 


Figure  13.  Effects  of  alpha  10  beta  1  in  alpha  SMA  expressing  fibroblasts  on 
collagen  migration.  Integrin  alpha  10  beta  1  expressing  variants  of  human  fibroblasts 
were  seeded  transwell  membranes  coated  with  denatured  collagen  and  allowed  to 
migrate  for  2  hrs.  Data  bars  represent  mean  cell  migration  indicated  as  percent  of 
control  from  triplicate  experiments.  *  P<0.05  as  compared  to  controls. 


Effects  of  alpha  10  beta  1  in  alpha  SMA  expressing  fibroblasts  on  proliferation.  As  outlined  in  aim  2,  we 

sought  to  examine  the  effects  of  alpha  10  beta  1  expression  in  fibroblast  may  have  on  cell  proliferation.  To 
examine  the  functional  significance  of  alpha  10  beta  1  on  fibroblasts  proliferation,  fibroblast  cell  variants 
described  above  were  allowed  to  proliferate  for  24hrs  on  non-coated  (Figure  14A),  native  collagen  coated 
(Figure  14B),  or  denatured  collagen  coated  micro-titer  wells  (Figure  14C).  As  shown  in  figure  8A-C,  little  if 
any  change  was  observed  in  proliferation  between  control  and  alpha  10  knock  down  cells  among  the  different 
ECM  substrate  conditions.  These  data  are  consistent  with  notion  that  integrin  alpha  10  may  play  little  if  any 
direct  role  in  fibroblasts  proliferation  under  these  experimental  conditions. 
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Figure  14.  Effects  of  alpha  10  beta  1  in  alpha  SMA  expressing  fibroblasts  on  proliferation.  Integrin  alpha  10  beta  1 
expressing  fibroblasts  variants  were  resuspended  in  proliferation  buffer  and  seeded  on  microtiter  wells  that  were  either  un¬ 
coated  or  coated  with  native  collagen  (Nat-Coll)  or  denatured  collagen  (Den-Coil).  A).  Quantification  of  cell  proliferation  on 
uncoated  wells  +  standard  deviation  from  triplicate  wells.  B).  Quantification  of  cell  proliferation  on  native  collagen  coated 
wells  +  standard  deviation  from  triplicate  wells.  C).  Quantification  of  cell  proliferation  on  denatured  collagen  coated  wells  + 
standard  deviation  from  triplicate  wells. 


Effects  of  differential  expression  of  alpha  10  beta  1  in  fibroblasts  on  SKOV-3  tumor  growth  in  vivo.  Our 

studies  indicate  that  knocking  down  expression  of  alpha  10  beta  1  in  fibroblast  had  little  if  any  direct  effect  of 
fibroblast  proliferation  in  vitro  (figure  14).  However,  reducing  expression  of  alpha  10  beta  1  significantly 
reduced  fibroblast  migration.  Given  that  integrin  signaling  can  impact  expression  of  a  variety  of  secreted 
molecules  that  may  impact  growth  of  tumor  cells,  we  examined  the  effects  of  fibroblasts  with  varying  levels  of 
alpha  10  beta  1  integrin  might  have  on  ovarian  tumor  growth  in  vivo.  Briefly,  nude  mice  (N=10  per  condition) 
were  injected  with  SKOV-3  tumor  cells  alone,  or  with  SKOV-3  tumors  mixed  (4: 1  ratio  of  tumor  cells  to 
fibroblast  variants)  with  control  transfect  fibroblast  (Cont-HF)  or  Fibroblasts  in  which  the  levels  of  alpha  10 
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integrin  was  reduced  by  transfection  of  alpha  10  specific  shRNA  (alpha  10K/O  HF).  Tumors  were  allowed  to 
grow  for  21  days.  As  shown  in  figure  15,  SKOV-3  tumors  in  the  presence  of  control-transfected  alpha  10  beta 
1  expressing  fibroblasts  were  significantly  larger  than  SKOV-3  tumor  in  the  absence  of  exogenously  added 
fibroblasts.  Importantly,  no  significant  change  in  the  size  was  observed  between  tumors  formed  following 
injection  of  SKOV-3  cells  alone  and  SKOV-3  cells  mixed  with  alOK/O-HF.  These  studies  suggest  that  while 
the  absence  of  alpha  10  integrin  in  the  fibroblasts  does  not  significantly  impact  the  growth  of  the  fibroblast  in 
vitro,  the  absence  of  alpha  10  integrin  in  fibroblasts  may  impact  the  ability  of  fibroblasts  to  enhance  SKOV-3 
ovarian  tumor  growth  in  vivo. 


P=0.0063  P=0.0022 


Figure  15.  Effects  of  differential 
expression  of  alpha  10  beta  1  in 
fibroblasts  on  SKOV-3  tumor  growth 
in  vivo.  SKOV-3  human  ovarian  tumor 
cells  (3xl06)  alone  or  mixed  with  either 
control  non-specific  shRNA  transfected 
human  fibroblasts  (Cont  HF)  or  alpha  10 
integrin  specific  shRNA  transfected 
(alpha  10K/O-HF)  fibroblasts  at  a  tumor 
cell  to  fibroblast  ratio  4: 1  were  injected 
subcutaneously.  Quantification  of  mean 
SKOV-3  tumor  volume  from  each 
experimental  condition.  Data  bars 
represent  mean  tumor  volume  +  SE  from 
10  mice  per  condition. 


Effects  of  conditioned  medium  from  alpha  SMA  positive  alpha  10  beta  1  expressing  fibroblasts  on 
SKOV-3  tumor  cell  proliferation.  As  outlined  in  specific  aim  2,  we  sought  to  examine  the  possible  role  of 
soluble  growth  factors  and  cytokines  present  in  conditioned  medium  of  alpha  10  beta  1  expressing  fibroblasts 
on  ovarian  tumor  cell  growth.  To  begin  these  studies,  we  first  examined  the  ability  of  concentrated  serum  free 
conditioned  medium  (CM)  from  alpha  10  beta  1  expressing  fibroblasts  to  impact  SKOV-3  ovarian  tumor  cell 
growth  in  vitro.  As  shown  in  figure  16A,  addition  of  CM  from  alpha  10  beta  1  expressing  fibroblasts  to 
SKOV-3  ovarian  tumor  cells  significantly  (P<0.05)  enhanced  proliferation  as  compared  to  control  CM 
prepared  in  the  absence  of  the  fibroblasts.  To  confirm  the  ability  of  fibroblast  CM  to  enhance  SKOV-3  cell 
growth  we  examined  the  relative  levels  of  KI67  antigen  levels  between  un-stimulated  and  CM  stimulated 
SKOV-3  cells  by  western  blot.  As  shown  in  figure  16B,  enhanced  levels  of  KI67  were  detected  in  lysate  from 
fibroblast  CM  stimulated  SKOV-3  cell  as  compared  to  control.  Taken  together  these  findings  are  consistent 
with  the  presence  of  soluble  factors  within  the  CM  from  these  fibroblasts  to  promote  SKOV-3  ovarian  tumor 
cell  growth. 
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Figure  16.  Effects  of  conditioned  medium  from  alpha  SMA  positive 
alpha  10  beta  1  expressing  fibroblasts  on  SKOV-3  tumor  cell 
proliferation.  A).  SKOV-3  ovarian  carcinoma  cells  were  resuspended 
in  the  presence  of  serum  free  concentrated  fibroblast  conditioned 
medium  (HF-CM)  or  concentrated  medium  prepared  in  the  absence  of 
fibroblasts  (Cont-CM).  SKOV-3  cells  were  allowed  to  proliferation  for 
24  hours.  Data  bars  represent  mean  cell  proliferation)  +  standard 
deviations  from  triplicate  wells.  B).  Western  blot  of  whole  cell  lysates 
from  SKOV-3  cells  stimulated  for  24  hours  with  Cont-CM  or  HF-CM 
and  the  levels  of  Ki67  antigen  examined. 
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Effects  of  conditioned  medium  from  alpha  SMA  positive  alpha  10  beta  1  expressing  fibroblasts  on 
SKOV-3  tumor  cell  adhesion.  As  outlined  in  aim  2,  we  studied  the  effects  of  conditioned  medium  from 
alpha  10  beta  1  expressing  fibroblasts  variants  might  have  of  ovarian  tumor  cell.  Briefly,  48- well  non- tissue 
culture  plates  were  coated  with  either  intact  (native)  collagen  or  thermally  denatured  collagen.  SKOV-3  tumor 
cells  were  resuspended  in  the  presence  or  absence  of  20ul  of  10X  conditioned  medium  (CM)  and  adhesion 
buffer  and  allowed  to  attach  to  the  coated  wells.  As  shown  in  figure  17A,  CM  derived  from  either  control 
transfected  fibroblasts  or  alpha  10  knock  out  fibroblasts  had  little  if  any  effects  on  SKOV-3  cell  adhesion  to 
intact  collagen.  Similar  experiments  were  carried  out  on  denatured  collagen.  As  shown  in  figure  17B,  only  a 
slight  inhibition  of  SKOV-3  cell  adhesion  was  detected  in  the  presence  of  CM  from  alpha  10  knock  out  cells. 
Further  studies  will  be  required  to  determine  whether  enhanced  inhibition  can  be  observed  in  the  presence  of 
larger  amounts  of  CM. 
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Figure  17.  Effects  of  conditioned 
medium  from  alpha  SMA  positive  alpha 
10  beta  1  expressing  fibroblasts  on 
SKOV-3  tumor  cell  adhesion.  SKOV-3 
tumor  cells  were  resuspended  in  the 
presence  or  absence  the  20ul  of  10X 
concentrated  serum  free  conditioned 
medium  from  either  control  shRNA 
transfected  or  alpha  10  integrin  specific 
shRNA  transfected  human  fibroblasts.  A). 
Data  bars  represent  mean  SKOV-3  cell 
adhesion  to  native  collagen  +  SE  from 
triplicate  wells.  B).  Data  bars  represent 
mean  SKOV-3  cell  adhesion  to  denatured 
collagen  +  SE  from  triplicate  wells. 


Cytokine  profile  of  alpha  SMA  positive  alpha  10  beta  1  expressing  fibroblasts.  As  outlined  in  specific  aim 
2,  we  sought  to  examine  the  possible  role  of  alpha  10  beta  1  integrin  binding  to  the  HU  177  cryptic  epitope  in 
modulating  the  expression  of  cytokines  that  may  regulate  ovarian  tumor  growth.  Given  the  effects 
concentrated  serum  free  CM  on  SKOV-3  growth  in  vitro,  we  next  sought  to  establish  a  basal  cytokine 
expression  profile  in  alpha  10  beta  1  expressing  fibroblasts  under  basal  culture  conditions.  To  begin  these 
studies,  24  hour  concentrated  serum  free  CM)  was  collected  and  analyzed  for  the  expression  of  multiple 
cytokines  using  a  Multi- Analyte  ELISA  assay  kit.  As  shown  in  figure  18,  an  array  of  cytokines  thought  to 
modulate  ovarian  tumor  cell  growth  and  stromal  cell  infiltration  were  differentially  expressed.  These  data  are 
consistent  with  the  ability  of  fibroblasts  conditioned  medium  to  alter  the  growth  properties  of  the  SKOV-3 
ovarian  carcinoma  cells  described  above. 
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Figure  18.  Cytokine  profile  of  alpha 
SMA  positive  alpha  10  beta  1 
expressing  fibroblasts.  Human 
fibroblasts  (FB)  were  resuspended  in 
serum  free  medium  and  allowed  to 
incubate  for  24  hours.  Twenty-four 
hour  serum  free  conditioned  medium 
(CM)  was  collected  and  concentrated 
10X.  Concentrated  fibroblast  CM  was 
analyzed  for  cytokine  expression  using 
a  Multi-Analyte  array  ELISA. 
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Expression  of  Cytokines  from  alpha  10  beta  1  expressing  fibroblasts  attached  to  distinct  ECM 
substrates.  As  outlined  in  specific  aim  2,  we  sought  to  explore  the  possible  role  of  alpha  10  beta  1  integrin- 
mediated  binding  to  distinct  forms  of  collagen  might  have  on  cytokine  expression  from  fibroblasts.  To  this 
end,  alpha  10  beta  1  expressing  fibroblasts  were  seeded  on  either  intact  native  collagen  or  denatured  collagen 
under  serum  free  conditions.  Twenty-four  hours  later  conditioned  medium  was  collected  and  examined  for 
differential  expression  of  cytokines  using  a  Multi- Analyte  ELISA  assay  kit.  As  shown  in  figure  19,  while  the 
majority  of  cytokines  examined  showed  little  change  between  the  distinct  culturing  conditions,  however,  a 
reduction  by  nearly  2-fold  in  the  levels  of  INF-gamma  was  observed  in  CM  from  fibroblasts  cultured  on 
denatured  collagen  as  compared  to  intact  native  collagen. 
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Figure  19.  Expression  of  Cytokines  from 
alpha  10  beta  1  expressing  fibroblasts 
attached  to  distinct  ECM  substrates.  Human 
fibroblasts  were  resuspended  in  serum  free 
medium  and  allowed  to  attach  to  either  intact 
collagen  coated  wells  or  wells  coated  with 
denatured  collagen  for  24  hours.  Twenty-four 
hour  serum  free  conditioned  medium  (CM)  was 
collected  and  concentrated  10X.  Concentrated 
fibroblast  CM  was  analyzed  for  cytokine 
expression  using  a  Multi-Analyte  array  ELISA. 


Characterization  of  alpha  10-integrin  expression  in  transgenic  alpha  10  beta  1  knockout  mouse  model. 

As  outlined  in  specific  aim  1,  we  sought  to  examine  the  role  of  alpha  10  beta  1  integrin  in  regulating  ovarian 
tumor  growth  in  vivo.  In  this  regard,  we  established  a  transgenic  alpha  10  beta  1  integrin-knockout  mice  in  our 
laboratory.  To  confirm  the  status  of  the  expression  of  alpha  10  integrin  in  these  mice  genotyping  was  carried 
out  on  wild  type,  heterozygous  and  homozygous  transgenic  mice  for  alpha  10  integrin  (covering  intron  6/7  and 
exon  8).  As  shown  in  figure  20A,  while  wild  type  and  heterozygous  mice  expressed  alpha  10  integrin,  we 
failed  to  detect  alpha  10  beta  1  in  the  homozygous  mice.  Moreover,  the  transgenic  targeting  construct,  which 
included  a  LacZ  gene  and  En2  cassette,  which  were  readily  detected  in  the  homozygous  mice.  In  addition,  RT- 
PCR  was  carried  out  using  isolated  cartilage  cells,  a  known  source  of  alpha  10  integrin.  As  shown  in  figure 
20B,  alpha  10  integrin  was  readily  detected  in  cells  from  wild  type  mice  while  we  failed  to  detect  alpha  10 
integrin  in  cartilage  cells  from  homozygous  knock  out  mice.  These  data  confirm  the  utility  of  these  transgenic 
mice  as  an  alpha  10  beta  1  integrin  knockout  model  for  our  studies. 


A. 

-/-  +/+  -/-  +/- 
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(intron  6/7  to  exon  8) 

En2  cassette  specific 
LacZ  gene 
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+/+  -/- 
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Figure  20.  Characterization  of  alpha  10 
integrin  expression  in  transgenic  alpha  10  beta 
1  knockout  mouse  model.  A).  Genotyping 
analysis  of  wild  type  (+\+)  heterozygous  (+\-)  and 
homozygous  (-/-)  transgenic  alpha  10  knock  out 
mice  for  expression  of  alpha  10  integrin,  and  the 
En2  cassette  and  Lac  Z  gene  within  the  targeting 
construct.  B).  Expression  (RT-PCR)  of  alpha  10- 
integrin  gene  in  cartilage  cells  isolated  from  wild 
type  (+/+)  and  homozygous  alpha  1 0  knock  out 
mice  (-/-). 


Characterization  of  ID8  ovarian  tumors  growing  in  wild  type  and  alpha  10  integrin  knockdown  mice. 

As  outlined  in  specific  aim  1,  we  sought  to  examine  the  growth  and  characterize  ID  8  ovarian  tumors  in  mice 
in  which  integrin  alpha  10  beta  1  knocked  down.  To  begin  these  studies,  we  first  injected  ID8  cell  i.p  into 
either  wild  type  or  homozygous  transgenic  alpha  10  knock  down  mice.  As  shown  in  figure  21,  i.p  injection  of 
ID8  tumor  cells  in  wild  type  mice  resulted  in  scattered  small  i.p  tumors  throughout  the  peritoneal  cavity  of  the 
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mice.  Giemsa  stain  of  these  tumors  growing  in  wild  type  mice  indicated  extensive  stromal  cell  infiltration  with 
multiple  blood  vessels  (arrows).  Interestingly,  fewer  ID8  tumor  lesions  were  detected  in  alpha  10-integrin 
knock  down  mice  and  while  specific  quantification  will  be  needed,  our  preliminary  analysis  suggested  that 
these  ID8  tumors  tended  to  be  smaller  in  size.  Moreover,  these  ID8  tumors  also  tended  to  have  less  stromal 
cell  infiltration  and  fewer  blood  vessels.  Further  analysis  and  quantification  will  be  needed  to  confirm  these 
important  preliminary  observations. 


ID-8-VVT-CS7BL/6 


lD-8-alOKO-C57BL/6 


Figure  21.  Characterization  of  ID8  ovarian 
tumors  growing  in  wild  type  and  alpha  10 
integrin  knockdown  mice.  Wild  type  (+\+)  left 
or  homozygous  (-/-)  transgenic  alpha  10  knock 
out  mice  right  were  injected  (i.p)  with  5xl06 
ID8  ovarian  tumor  cells.  Tumors  were  allowed 
to  grow  for  6  weeks.  Mice  were  sacrificed  and 
i.p  tumors  were  examined.  Frozen  sections  of 
small  i.p  tumors  (N=4)  from  each  condition 
were  stained  by  Giemsa  for  analysis.  Top), 
representative  examples  of  ID8  tumors  (lOOx). 
Bottom),  representative  examples  of  ID8 
tumors  (200x).  Arrows  indicate  tumor 
associated  blood  vessels. 


Reduced  growth  of  ID8  ovarian  tumors  in  alpha  10  integrin  knockdown  mice.  As  outlined  in  specific  aim 
1,  we  sought  to  examine  the  growth  and  characterize  ID  8  ovarian  tumors  in  mice  in  which  the  integrin  alpha 
10  beta  1  was  knocked  down.  ID8  tumor  cells  were  injected  in  either  wild  type  or  alpha  10  knock  down  mice. 
The  growth  of  murine  ID8  ovarian  tumors  in  alpha  10  beta  1  knock  out  mice  was  significantly  (P<0.05) 
reduced  as  compared  to  tumor  growth  in  wild  type  mice  (Fig  22A).  These  studies  suggest  that  alpha  10  beta  1 
expressed  in  host  stromal  cells  may  play  a  significant  role  in  regulating  ovarian  tumors  growth  in  vivo. 
Importantly,  the  majority  of  alpha  10  beta  1  is  expressed  within  the  stromal  CAF-like  infiltrates  of  ovarian 
tumors  rather  than  the  tumor  cells.  Given  these  findings,  and  published  studies  indicating  an  important  role  for 
CAF-like  stromal  cells  in  controlling  immune  cell  function  and  T-cell  infiltration,  we  sought  to  examine  the 
levels  of  CD8+  T-cells  within  tumors  growing  in  each  mouse  variant.  In  a  preliminary  study,  reduced  levels 
alpha  SMA  (Red)  expressing  stromal  cells  were  detected  in  ID8  tumors  growing  in  alpha  10  beta  1  K/O  mice 
as  compared  to  control  (fig  22B)  and  interestingly,  elevated  levels  of  CD8+  T-cells  (Green)  were  detected  in 
alpha  10-K/O  mice  (figs  22B  and  C).  While  quantification  will  be  required  to  confirm  these  observations, 
these  results  are  consistent  with  the  possibility  that  alpha  SMA-expressing  CAF-like  cells  contribute  to 
immune  suppression  and  possibly  the  lower  level  of  CD8+  T-cell  in  wild  type  mice.  Conversely,  the  reduced 
levels  of  alpha  SMA-expressing  cells  in  ID8  tumors  growing  in  alpha  10-K/O  mice  may  allow  enhanced  levels 
of  cytotoxic  CD8+  T-cells  to  enter  the  these  tumors  resulting  in  reduced  tumor  growth. 
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Figure  22.  Reduced  growth  of  murine  ID8  ovarian  tumors  in  alpha  10  beta  1  knock  out  mice.  Murine  ID8  tumor  cells 
were  injected  in  either  alpha  10  beta  1  wild  type  mice  (alpha  10- WT)  or  alpha  10  beta  1  knockout  (alpha  10K/O)  mice.  A). 
Quantification  of  tumor  size.  Data  bars  represent  mean  tumor  volume  +  SEM.  N=5-6  per  condition.  B).  Co-expression  of  alpha 
SMA  positive  CAF-like  cells  (red)  and  CD8+  T-cells  (Green).  C).  Examples  of  expression  of  CD8+  T-cells  (green). 


15 


Opportunities  for  training  and  professional  development:  Nothing  to  report 
How  were  the  results  disseminated  to  communities  of  interest:  Nothing  to  report. 

Plans  for  next  reporting  period:  Nothing  to  report  (final  report). 

4)  Impact: 

A)  What  was  the  impact  on  the  development  of  the  principal  discipline  of  the  project?  Completion  of  the 
project  resulted  in  new  cellular  and  molecular  insight  into  the  role  of  the  little  understood  integrin  alpha  10 
beta  1  expressed  in  fibroblasts  to  regulate  ovarian  tumor  growth.  The  experimental  results  of  the  study  are 
detailed  in  the  final  report  and  in  the  attached  (appendix)  published  paper.  Specifically,  our  novel  studies  have 
defined  for  the  first  time,  that  structural  remodeling  of  the  collagenous  extracellular  matrix  within  ovarian 
tumors  can  result  in  the  selective  generation  of  a  novel  cryptic  collagen  epitope  that  we  have  termed  HU177. 
Importantly  we  have  shown  that  this  cryptic  ECM  epitope  can  bind  directly  to  the  collagen  binding  integrin 
alpha  10  beta  1,  which  was  shown  to  be  expressed  in  a  subset  of  alpha  SMA  expressing  cancer  associate 
fibroblasts  (CAFs)  and  help  regulate  cellular  migration.  Moreover,  our  studies  also  provide  exciting  new 
evidence  that  selective  targeting  of  this  cryptic  collagen  epitope  may  provide  a  clinically  relevant  new  strategy 
to  control  malignant  ovarian  tumor.  Finally,  extension  of  these  studies  has  resulted  in  the  surprising  new 
observations  that  integrin  alpha  10  beta  1  may  also  be  expressed  in  T-cells.  Given  these  new  findings  and  the 
fact  that  CAF-like  cells  have  been  shown  to  help  create  an  immunosuppressive  microenvironment,  coupled 
with  our  new  observations  that  SKOV-3  tumors  growing  in  alpha  10  null  mice  are  smaller  and  appear  to  have 
elevated  levels  of  CD8+  T-cells  as  compared  to  wild  type  mice,  are  consistent  with  the  possibility  that  alpha 
10  beta  1  integrin  signaling  may  play  a  role  in  regulating  immune  suppression.  Given  the  important  role  of 
immune  suppressive  mechanisms  regulating  ovarian  tumor  growth,  our  new  studies  may  open  up  new  insight 
into  the  development  of  more  effective  new  combination  treatment  strategies  for  malignant  ovarian  tumors. 

B)  What  was  the  impact  on  other  disciplines?  Given  that  CAFs  are  thought  to  play  a  functional  role  in 
multiple  types  of  tumors  outside  of  ovarian  cancer,  our  new  studies  provide  important  molecular  insight  into 
the  roles  of  alpha  10  beta  1  integrin  expression  in  tumor-associated  stromal  cells  in  a  variety  of  tumor  types.  In 
addition,  our  novel  observations  suggesting  that  alpha  10  beta  1  may  be  expressed  in  T-cells  and  play  a 
functional  role  in  regulating  accumulation  of  CD8+  T-cell.  Interestingly,  the  immune  checkpoint  molecule 
PD-F1  was  highly  expressed  in  alpha  10  beta  1  expressing  CAF-like  cells  that  were  localized  in  close 
proximity  to  the  HU  177  collagen  epitope.  Thus,  our  novel  studies  may  provide  new  insight  into  the 
mechanism  that  control  immune  suppression. 

C)  What  was  the  impact  on  technology  transfer?  Nothing  to  report 

D)  What  was  the  impact  on  society  beyond  science  and  technology?  Nothing  to  report. 

5)  Changes/Problems:  nothing  to  report 

6)  Products: 

A)  Publication:  A  manuscript  reporting  many  of  the  experimental  findings  was  published  in  the  American 
Journal  of  Pathology.  (Caron,  J.  M.,  Ames,  J.  J.,  Contois,  F.,  Liebes,  F.,  Friesel,  R.  E.,  Vary,  C.  P.  H.,  Oxburg, 
F.,  and  Brooks,  P.  C.  Inhibition  of  ovarian  tumor  growth  by  targeting  the  HU177  cryptic  collagen  epitope.  AM. 
J.  Pathol:  2016;  186:  1649-1661).  A  copy  of  the  published  paper  is  provided  in  the  appendix. 

The  DoD  grant  was  acknowledged. 

B)  Websites:  nothing  to  report: 
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C)  Technologies  and  techniques:  nothing  to  report 

D)  Inventions,  Patent  applications,  and/or  licenses:  A  US  patent  application  was  filed  in  June  of  2016. 
Title:  Enhancing  the  therapeutic  activity  of  immune  checkpoint  inhibitors.  US  application  number:  62169463 

7)  Participants  and  Other  Collaborating  Organizations 

A)  What  individuals  have  worked  on  the  project? 


Name 

Peter  Brooks 

Project  Role 

Principal  Investigator 

Nearest  Person  Month  Worked 

2.5  calendar  months 

Contribution  to  Project 

Provides  overall  scientific  direction, 
analysis,  writes  manuscripts, 
supervises  lab  technician 

Funding  Support 

Name 

Jennifer  Caron 

Project  Role 

Laboratory  Technician 

Nearest  Person  Month  Worked 

4.4  calendar  months 

Contribution  to  Project 

Conducted  biochemical  and  animal 
experiments 

Funding  Support 

B)  Has  there  been  a  change  in  Active  Other  Support  for  PD/PI  or  senior/key  since  last  reporting 
period?  Yes. 

Maine  Cancer  Foundation  grant  ended  December  31,  2015. 

C)  What  other  organizations  were  involved  as  partners?  Nothing  to  report. 

8)  Special  Reporting  Requirements.  None. 

9)  APPENDICES: 

Publications:  Caron,  J.  M.,  Ames,  J.  J.,  Contois,  L.,  Liebes,  L.,  Friesel,  R.  E.,  Vary,  C.  P.  H.,  Oxburg,  F.,  and 
Brooks,  P.  C.  Inhibition  of  ovarian  tumor  growth  by  targeting  the  HU177  cryptic  collagen  epitope.  AM.  J. 
Pathol:  2016;  186:  1649-1661.  PMCID:  PMC4901 133  (available  6/1/2017).  (see  attached). 
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Evidence  suggests  that  stromal  cells  play  critical  roles  in  tumor  growth.  Uncovering  new  mechanisms  that 
control  stromal  cell  behavior  and  their  accumulation  within  tumors  may  lead  to  development  of  more 
effective  treatments.  We  provide  evidence  that  the  HU177  cryptic  collagen  epitope  is  selectively  generated 
within  human  ovarian  carcinomas  and  this  collagen  epitope  plays  a  role  in  SKOV-3  ovarian  tumor  growth 
in  vivo.  The  ability  of  the  HU177  epitope  to  regulate  SKOV-3  tumor  growth  depends  in  part  on  its  ability  to 
modulate  stromal  cell  behavior  because  targeting  this  epitope  inhibited  angiogenesis  and,  surprisingly,  the 
accumulation  of  oc-smooth  muscle  actin— expressing  stromal  cells.  Integrin  oclOpl  can  serve  as  a  receptor 
for  the  HU177  epitope  in  oc-smooth  muscle  actin— expressing  stromal  cells  and  subsequently  regulates  Erk- 
dependent  migration.  These  findings  are  consistent  with  a  mechanism  by  which  the  generation  of  the 
HU177  collagen  epitope  provides  a  previously  unrecognized  oc10(3i  ligand  that  selectively  governs  angio¬ 
genesis  and  the  accumulation  of  stromal  cells,  which  in  turn  secrete  protumorigenic  factors  that  contribute 
to  ovarian  tumor  growth.  Our  findings  provide  a  new  mechanistic  understanding  into  the  roles  by  which  the 
HU177  epitope  regulates  ovarian  tumor  growth  and  provide  new  insight  into  the  clinical  results  from  a 
phase  1  human  clinical  study  of  the  monoclonal  antibody  D93/TRC093  in  patients  with  advanced  malignant 
tumors.  (Am  J  Pathol  2016,  186: 1649-1661;  http://dx.doi.org/10.1016/fajpath.2016.01.015) 


The  importance  of  stromal  cells,  such  as  endothelial  cells, 
fibroblasts,  pericytes,  and  inflammatory  infiltrates,  in  tumor 
growth  has  been  appreciated  for  years.  This  insight  has  led 
investigators  to  begin  developing  novel  approaches  to  regulate 
stromal  cell  behavior.5  However,  given  the  functions  of 
stromal  cells  in  normal  physiologic  processes,  it  is  important  to 
create  strategies  that  might  restrict  the  effect  on  stromal  cells  to 
that  within  the  tumor  microenvironment.  In  this  regard,  the 
structures  of  extracellular  matrix  (ECM)  proteins  that  compose 
the  architectural  framework  of  most  normal  tissues  are  largely 
intact.  In  contrast,  tumors  often  exhibit  an  altered  ECM 
structure  with  proteolytically  degraded  matrix  proteins.9 
This  differential  ECM  configuration  might  provide  a  unique 
means  of  selectively  regulating  stromal  cell  behavior  within 
tumors  because  cellular  interactions  with  remodeled  or  dena¬ 
tured  matrix  proteins,  such  as  collagen,  alters  adhesion, 
migration,  proliferation,  and  survival. 

Our  previous  studies  uncovered  functional  cryptic  sites 
within  ECM  molecules.  We  have  likened  the  process 


of  generating  cryptic  elements  to  that  of  a  biomechanical 
ECM  switch  in  which  structural  alterations  in  these  mole¬ 
cules  initiated  by  either  proteolytic  cleavage  or  other 
physical  mechanisms  lead  to  the  generation  of  cryptic  reg¬ 
ulatory  epitopes,  which  contribute  to  the  initiation  of  unique 
signaling  cascades  that  facilitate  angiogenesis,  tumor 
growth,  and  metastasis.1  Recently,  we  identified  a  new 
cryptic  ECM  epitope  present  within  multiple  forms  of 
collagen.  The  HU  177  epitope  was  generated  within  the 
ECM  of  angiogenic  vessels  and  regulates  endothelial  cell 
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behavior  because  a  monoclonal  antibody  (mAb)  directed  to 
this  epitope  selectively  inhibited  endothelial  cell  adhesion 
and  migration  on  denatured  collagen  and  blocked  angio¬ 
genesis  in  vivo.  This  antibody  was  humanized  (mAb  D93/ 
TRC093)  and  a  phase  1  human  clinical  trial  was  com¬ 
pleted.  Clinical  findings  suggested  that  the  HU177 
epitope  plays  a  role  in  tumor  growth  because  26%  of  the 
treated  patients  exhibited  stable  disease  and  a  reduction  in 
liver  lesions  was  observed  in  a  patient  with  ovarian 
cancer. 

Ovarian  cancer  is  a  heterogeneous  disease  classified  by 
distinct  histologic  subtypes.  The  molecular  complexity 
of  these  tumors  is  indicated  by  the  fact  that  low-grade  type  1 
tumors  often  exhibit  alterations  in  KRAS,  BRAF,  and 
PTEN,  whereas  high-grade  type  2  tumors  often  have  alter¬ 
ations  in  TP53  and  BRCA1/2.  Importantly,  stromal 
cells,  such  as  endothelial  cells  and  activated  fibroblasts,  may 
contribute  to  the  development  of  ovarian  carcinoma.26-28 
Although  collagen  remodeling  occurs  during  ovarian 
tumor  growth,  it  is  not  known  whether  these  changes  are 
sufficient  to  generate  the  HU  177  epitope  or  what  role  it 
plays  in  ovarian  tumor  growth. 

We  present  evidence  that  the  HU  177  cryptic  collagen 
epitope  is  abundantly  generated  within  human  ovarian  tu¬ 
mors,  whereas  little  is  expressed  in  benign  granulomas. 
Antibodies  directed  to  this  epitope  inhibited  SKOV-3  tumor 
growth  in  vivo ,  which  was  accompanied  by  reductions 
in  proliferation,  angiogenesis,  and  the  accumulation  of 
a-smooth  muscle  actin  (a-SMA)— expressing  stromal 
cells.  Although  our  studies  indicate  that  the  a2Pi  integrin 
can  bind  the  HU177  site,  the  little  understood  integrin  ai0Pi 
plays  an  important  role  as  a  functional  receptor  in  a-SMA— 
expressing  stromal  cells.  Blocking  interactions  of  the 
HU177  collagen  epitope  with  a10Pi  integrin— expressing 
fibroblasts  reduced  fibroblast  growth  factor  (FGF)-2— 
stimulated  Erk  phosphorylation  and  migration  on  denatured 
collagen.  Given  the  emerging  roles  of  fibroblast-like  cells  in 
promoting  tumor  growth,  these  findings  are  consistent  with 
a  mechanism  by  which  blocking  the  HU  177  epitope  reduces 
a10  Pi -dependent  accumulation  of  a-SMA— expressing 
stromal  cells  in  ovarian  tumors,  leading  to  the  reduction  of 
an  important  source  of  protumorigenic  cytokines  that 
contribute  to  tumor  progression. 

Materials  and  Methods 

Reagents,  Chemicals,  and  Antibodies 

Collagen  type  I  was  from  Sigma  (St  Louis,  MO).  Denatured 
collagen  was  prepared  by  boiling  the  solution  of  commer¬ 
cially  obtained  collagen  for  15  minutes.  The  denatured 
collagen  was  allowed  to  cool  for  5  minutes  before  use. 
FGF-2;  integrins  a^,  a2Pi,  a3p!,  a10Pi,  and  avP3; 
and  antibodies  directed  to  a1?  a2,  av  integrins,  and  IL-6 
were  from  R&D  Systems  (Minneapolis,  MN).  Anti-CD31 
antibody  was  from  BD  Pharmingen  (San  Diego,  CA). 


Anti— a-SMA  and  anti— Ki-67  antibodies  were  from  Abeam 
(Cambridge,  MA).  Anti-Erk  antibodies  were  from  Cell 
Signaling  Technology  (Danvers,  MA).  Anti— collagen  1 
antibody  was  from  Rockland  (Gilbertsville,  PA).  Antibody 
to  aioPi  was  from  Novus  Biologicals  (Littleton,  CO). 
BrdU  kit  was  from  Millipore  (Bedford,  MA).  Secondary 
antibodies  were  from  Promega  (Madison,  WI).  mAb 
HU  177  was  developed  in  our  laboratory  and  found  to  bind 
a  PGxPG-containing  epitopes  exposed  within  denatured 
but  not  intact  collagen  from  multiple  species.  1  mAb 
D93/TRC093  is  a  humanized  version  of  mAb  HU177  that 
also  binds  the  PGxPG-containing  epitopes  within  dena¬ 
tured  collagen  from  multiple  species  and  was  obtained 
from  TRACON  (San  Diego,  CA).  The  control  antibody 
(mAb  XL  166)  was  generated  in  our  laboratory  and  is 
directed  to  an  RGD  collagen  epitope.  Synthetic  collagen 
peptide  PGF  (CPGFPGFC)  and  control  peptides 
(CQGPSGAPGEC,  CTWPRHHTTDALL,  and  CNSY- 
SYPSLRSP)  were  from  QED  Biosciences  (San  Diego, 
CA).  MEK  inhibitor  (PD98059)  was  from  CalBiochem 
(San  Diego,  CA). 

Analysis  of  Tissue  Antigens 

Human  ovarian  tissues  were  from  Maine  Medical  Center 
under  institutional  review  board  exempt  protocol.  For 
quantification  of  the  HU  177  epitope,  biopsy  specimens 
( n  =  9)  from  high-grade  ovarian  tumors  (serous  and 
endometrial)  or  benign  ovarian  granulomas  (n  =  9)  were 
stained  with  mAb  HU  177.  Ornithine  carbamoyltransferase 
compound— embedded  frozen  sections  (4.0  pm)  of  biopsy 
specimens  of  human  ovarian  tumor  tissues  were  stained  by 
routine  hematoxylin  and  eosin  procedure  or  immunofluo¬ 
rescence.  Immunofluorescence  staining  was  performed  on 
frozen  sections  by  first  blocking  the  tissue  sections  with 
1.0%  bovine  serum  albumin  (BSA)  in  phosphate-buffered 
saline  (PBS)  for  1  hour  followed  by  washing  three 
times  with  PBS.  Tissue  sections  were  next  incubated  with 
100  pg/mL  of  anti-HU  177  antibody  for  1  hour  at  room 
temperature.  Tissues  sections  were  next  washed  three 
times  with  PBS  followed  by  incubation  with  fluorescein 
isothiocyanate— labeled  secondary  antibody  for  1  hour.  For 
quantification,  stained  tissue  sections  were  scanned  using 
Kodak  ID  system  and  pixel  density  quantified  from  five  200  x 
fields  from  each  of  the  five  specimens  from  each  condition 
using  Molecular  Analyst  Software  version  2.1  (Kodak, 
Stamford,  CT).  Tumors  were  analyzed  for  apoptosis  using 
terminal  deoxynucleotidyl  transferase-mediated  dUTP  nick- 
end  labeling  staining,  for  proliferation  using  anti— Ki-67 
antibody  staining  (1:1000),  for  angiogenesis  using  anti-CD31 
antibody  staining  (1:300),  and  for  carcinoma-associated 
fibroblast  (CAF)— like  stromal  cells  using  a  combination  of 
anti— a-SMA  (1:1000),  anti— platelet-derived  growth  factor 
receptor  a  (1:500),  and  anti— fibroblast  activation  protein 
(1:300)  antibody  staining.  Quantification  was  performed 
within  five  200  x  fields  from  each  of  three  to  five  tumors. 
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Cells  and  Cell  Culture 

SKOV-3  cells  were  from  ATCC  (Manassas,  VA)  and 
cultured  in  RPMI  1640  medium  in  the  presence  of  5%  fetal 
bovine  serum.  Human  umbilical  vein  endothelial  cells  were 
obtained  from  Lonza  ( Walkers ville,  MD)  and  cultured  in 
endothelial  basal  medium  2  in  2%  fetal  bovine  serum  and 
supplements  (Lonza).  Human  dermal  fibroblasts  were 
obtained  from  Science  Cell  (Carlsbad,  CA)  and  cultured  in 
medium  with  2.0%  fetal  bovine  serum. 

Solid-Phase  Binding  Assays 

Plates  were  coated  with  25  pg/mL  of  native  or  denatured 
(boiled  for  15  minutes)  collagen.  Collagen  epitope  peptide 
PGF  and  control  peptides  were  immobilized  at  100  pg/mL. 
Integrins  (0  to  2.0  pg/mL)  were  diluted  in  binding  buffer  that 
contained  20  mmol/L  Tris,  15  mmol/L  NaCl,  1  mmol/L 
MgCl2,  0.2  mmol/L  MnCl2,  and  0.5%  BSA  (pH  7.4)  as 
described.  Integrins  were  allowed  to  bind  for  1  hour  and 
plates  washed  and  incubated  with  anti-integrin  antibodies 
(1:100  dilution)  for  1  hour.  Plates  were  washed  and  incubated 
with  horseradish  peroxidase— labeled  secondary  antibodies 
(1:5000  dilution).  In  a  second  assay,  0.5-pg/mL  integrins  were 
coated  in  binding  buffer,  plates  were  washed  and  blocked  as 
before,  and  0  to  10.0  pg/mL  of  denatured  (boiled  for  15 
minutes)  collagen  was  added.  Denatured  collagen  was  detec¬ 
ted  with  anticollagen  antibody  (1:1000).  For  integrin-blocking 
enzyme-linked  immunosorbent  assay,  wells  were  coated  with 
denatured  collagen  and  pretreated  with  0.1  pg/mL  of  anti- 
HU177  or  control  antibody.  After  washing,  wells  were  incu¬ 
bated  with  2.0-pg/mL  integrins,  and  binding  was  detected  as 
described.  Assays  were  performed  at  least  three  times. 

Cell  Adhesion  Assays 

The  wells  of  nontissue  culture  48-well  cluster  plates  were 
coated  for  12  hours  at  4°C  with  5  pg/mL  of  native  or 
denatured  (boiled  for  15  minutes)  collagen  prepared  as 
described  above.  SKOV-3  and  fibroblasts  were  suspended 
in  adhesion  buffer  that  contained  RPMI  1640  medium, 
1  mmol/L  MgCl2,  0.2  mmol/L  MnCl2,  and  0.5%  BSA,13  and 
1  x  105  cells  were  added  in  the  presence  or  absence  of  100 
pg/mL  of  anti-HU  177  or  control  antibodies.  Cells  were 
allowed  to  attach  for  25  minutes.  Nonattached  cells  were 
removed  by  washing  and  attached  cells  stained  with  crystal 
violet  as  described.  Wells  were  washed  and  the  cell- 
associated  crystal  violet  was  eluted  with  100  pL  per  well 
of  10%  acetic  acid.  Cell  adhesion  was  quantified  by 
measuring  the  optical  density  of  the  eluted  crystal  violet  as 
described.  Assays  were  completed  at  least  three  times. 

Cell  Migration  Assays 

Transwell  membranes  (8.0-pm  pore  size)  were  coated  with 
5  pg/mL  of  native  or  denatured  collagen  for  12  hours  at  4°C 


as  described  previously.  Migration  buffer  that  contained 
RPMI  1640  medium,  1  mmol/L  MgCl2,  0.2  mmol/L  MnCl2? 
and  0.5%  BSA  in  the  presence  or  absence  of  5x  concen¬ 
trated  serum  free  SKOV-3  conditioned  medium  (CM)  or 
20  ng/mL  of  FGF-2  was  placed  in  the  lower  chambers. 
SKOV-3  or  fibroblasts  (1  x  105)  were  resuspended  in 
migration  buffer  that  contained  RPMI  1640  medium,  1 
mmol/L  MgCl2,  0.2  mmol/L  MnCl2?  and  0.5%  BSA  in  the 
presence  or  absence  of  10  pg/mL  of  antibodies  directed  to 
the  HU177  epitope,  a10Pi,  or  100  pmol/L  of  the  MEK  in¬ 
hibitor  (PD98054).  Cells  were  added  to  the  top  chamber  and 
allowed  to  migrate  from  2  to  4  hours.  Cells  that  remained  on 
the  top  of  the  membranes  were  removed,  and  cells  that  had 
migrated  to  the  underside  of  the  membrane  were  quantified 
by  direct  cell  counts  of  crystal  violet— stained  cells  or  by 
measuring  the  optical  density  of  eluted  cell-associated 
crystal  violet  dye  as  previously  described.  Assays  were 
completed  at  least  three  times. 

Cell  Proliferation  Assays 

To  prepare  serum  free  fibroblast  CM,  2.0  x  106  cells  were 
seeded  in  the  presence  of  serum  for  2  hours.  Serum- 
containing  medium  was  removed,  cells  were  washed,  and 
serum  free  RPMI  1640  medium  was  added.  Serum  free 
medium  was  collected  at  24  hours  and  concentrated  10-fold. 
SKOV-3  cells  were  resuspended  in  the  presence  (150  pL)  of 
control  (10  x)  RPMI  1640  medium  or  (10  x)  fibroblast  CM. 
Cells  were  added  to  wells  and  allowed  to  growth  for  24  or 
72  hours.  Cell  proliferation  was  quantified  at  24  or  72  hours 
using  BrdU  kit  according  to  manufacturer’s  instructions. 
Assays  were  completed  three  times. 

Tumor  Growth  Assays 

Briefly,  chorioallantoic  membranes  (CAMs)  of  10-day-old 
chicks  (n  =  6  to  8)  were  prepared  as  described  by  sepa¬ 
rating  the  CAM  from  the  shell  membrane.  Single-cell  sus¬ 
pensions  of  SKOV-3  cells  (3  x  106)  were  applied  topically 
to  the  CAMs  in  a  total  volume  of  40  pL.  0  Twenty-four 
hours  later  embryos  were  either  untreated  or  treated  with  a 
single  topical  application  of  100  pg  of  anti-HU  177  antibody 
or  control  nonspecific  antibody  (100  pg  per  embryo)  in  a 
total  volume  of  40  pL.  Tumors  were  allowed  to  grow  for  a 
total  of  7  days.  At  the  end  of  the  7-day  growth  period,  the 
embryos  were  sacrificed,  the  tumors  dissected,  and  wet 
weights  determined  as  described  previously.  For  murine 
experiments,  nude  (NCRNU-F)  mice  (n  =  6  to  8)  were 
injected  subcutaneously  into  the  flanks  with  3.0  x  106 
SKOV-3  cells  per  mouse.  Mice  were  allowed  to  form 
tumors  for  5  days  and  then  untreated  or  injected  (i.p.)  with 
0  to  100  pg/mL  of  mAb  D93  or  control  antibody  three  times 
per  week  for  28  days.  Tumors  were  measured  with  calipers 
and  volumes  calculated  as  V  =  L2  x  W/2,  where 
V  indicates  volume;  L,  length;  and  W,  width.  Experiments 
were  completed  three  times. 
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Figure  1  Generation  of  the  HU177  epitope  in  ovarian  tumors.  Biopsy 
specimens  from  frozen  sections  of  malignant  human  ovarian  tumors  or  benign 
granulomas  were  stained  with  hematoxylin  andeosin  (H&E)  or  with  anti-HU177 
antibody.  Examples  of  H&E  staining  or  staining  for  the  HU177  cryptic  collagen 
epitope  in  malignant  ovarian  tumors  (A)  or  benign  granulomas  (B).  C:  Quan¬ 
tification  of  the  relative  levels  of  HU177  epitope  within  malignant  ovarian 
tumors  or  benign  granulomas.  D:  Examples  of  HU177  epitope  (red)  within 
SKOV-3  tumors  or  normal  ovaries,  lungs,  and  liver.  Data  are  expressed  as 
means  ±  SEM  from  five  fields  (C).  *P  <  0.05  compared  with  controls.  Scale 
bars  =  63  |im.  Original  magnification,  x200. 


allowed  to  attach  for  15  minutes,  then  they  were  lyzed  in 
radioimmunoprecipitation  assay  buffer  (Santa  Cruz,  CA)  with 
lx  protease  inhibitor  cocktail.  Lysates  were  separated  by 
SDS-PAGE  and  probed  with  antibodies  directed  to  ai0, 
integrins,  total  and  phosphorylated  Erk,  Ki-67,  (3-tubulin,  or 
actin.  Assays  were  performed  at  least  three  times. 

Cytokine  Analysis  of  Fibroblast  CM 

A  total  of  50  jiL  of  serum  free  CM  was  screened  for  a  panel 
of  12  cytokines  (IL-la,  IL-1(3,  IL-2,  IL-4,  IL-6,  IL-8,  IL-10, 
IL-12,  IL-17A,  tumor  necrosis  factor-a,  interferon-y,  and 
granulocyte-macrophage  colony- stimulating  factor)  using 
the  Multi-analyte  ELIS  Array  kit  (Qiagen,  Valencia,  CA) 
according  to  the  manufacturer’s  instructions.  Analysis  of 
conditioned  medium  was  completed  twice. 

Statistical  Analysis 

Statistical  analysis  was  performed  using  Graph  Pad  Instat 
for  Mac  version  3.0b  (Graphpad  Software  Inc,  La  Jolla, 
CA).  Data  were  analyzed  for  significance  using  the  r-test. 
P  <  0.05  was  considered  significant. 

Results 

Differential  Generation  of  the  HU177  Epitope  in 
Ovarian  Tumors 

Studies  have  correlated  enhanced  collagen  synthesis  and  ECM 
degradation  with  tumor  progression.  In  this  regard,  we 
examined  biopsy  specimens  of  human  ovarian  tumors  and 
benign  granulomas  for  expression  of  the  HU  177  cryptic 
collagen  epitope.  Serial  sections  from  frozen  tissues  were 
stained  by  hematoxylin  and  eosin  or  with  anti-HU  177  anti¬ 
body.  The  HU  177  cryptic  collagen  epitope  (green)  could  be 
detected  in  the  ECM  of  malignant  ovarian  tumors  (Figure  1  A), 
whereas  minimal  detection  was  observed  in  the  ECM  of  the 
benign  ovarian  lesions  (Figure  IB).  Quantification  of  the 
relative  levels  of  the  HU177  cryptic  collagen  epitope 
(Figure  1C)  indicated  a  significant  (P  <  0.05)  increase  in 
HU  177  collagen  epitope  in  tumors  compared  with  the  benign 
lesions.  To  confirm  the  generation  of  the  HU  177  epitope  in  an 
experimental  mouse  model,  we  examined  its  expression  of  the 
HU  177  collagen  epitope  in  SKOV-3  tumors  growing  in  mice. 
Although  HU177  epitope  was  detected  within  the  SKOV-3 
tumors,  little  was  observed  in  normal  tissues,  including 
ovaries,  liver,  and  lungs  (Figure  ID).  These  findings  are 
consistent  with  the  restricted  generation  of  the  collagen  epitope. 

The  HU177  Epitope  Regulates  Ovarian  Tumor  Growth 


Western  Blot  Analysis 

Cells  from  culture  or  cells  seeded  on  native  or  denatured 
(boiled  for  15  minutes)  collagen  type  I— coated  plates  were 


Given  the  differential  generation  of  the  HU  177  epitope 
observed  in  vivo ,  we  determined  whether  the  HU  177  epitope 
plays  a  functional  role  in  ovarian  tumor  growth.  To  examine  this 
possibility,  SKOV-3  ovarian  tumor  cells  were  seeded  topically 
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Figure  2  Inhibition  of  tumor  growth  by  targeting  the  HU177  epitope.  A  and  B:  SKOV-3  cells  were  seeded  topically  on  the  chorioallantoic  membranes  of 
chick  embryos.  Twenty-four  hours  later,  the  animals  were  not  treated  (NT)  or  treated  once  topically  with  100  fig  of  anti-HU177  or  100  fig  of  control  antibody 
(Ab  Cont).  A:  Examples  of  tumors  from  each  condition.  B:  Quantification  of  mean  tumor  weights  from  each  condition  after  a  7-day  incubation  period.  C:  Mice 
were  injected  s.c.  in  the  flanks  with  SKOV-3  cells  and  5  days  later  were  untreated  or  treated  i.p.  with  100  fig  of  anti-HU177  antibody  or  Ab  Cont  three  times  per 
week  for  28  days.  Data  are  expressed  as  means  ±  SEM  of  tumor  weights  (B)  and  tumor  volume  (C).  n  =  7  to  8  animals  per  condition  (B);  n  =  5  to  6  animals 
per  condition  (C).  *P  <  0.05  compared  with  controls. 


on  the  CAM  of  chick  embryos.  Twenty-four  hours  later  the 
embiyos  were  either  not  treated  or  treated  with  a  single  topical 
application  with  anti-HU  177  antibody  or  nonspecific  control. 
After  7  days  of  incubation,  the  resulting  tumors  were  dissected 
from  the  CAMs  for  analysis.  SKOV-3  tumors  dissected  from 
chick  embryos  treated  with  anti-HU177  antibody  were  smaller 
than  controls  (Figure  2A).  Quantification  indicated  that  target¬ 
ing  the  HU  177  epitope  significantly  (P  <  0.05)  inhibited 
SKOV-3  tumor  growth  by  approximately  50%  compared  with 
controls  (Figure  2B).  To  confirm  these  findings  in  a  murine 
model,  SKOV-3  cells  were  injected  subcutaneously  into  the 
flanks  of  nude  mice.  Five  days  after  establishment  of  small 
tumor  lesions,  mice  were  either  untreated  or  treated  (100  pg  per 
mouse  three  times  per  week)  i.p.  with  anti-HU  177  mAb  or 
control  nonspecific  antibody.  Treatment  with  anti-HU  177 
antibody  significantly  (P  <  0.05)  reduced  tumor  size  by 
approximately  70%  by  day  28  (Figure  2C).  Dose-dependent 
studies  indicated  inhibition  of  tumor  growth  at  doses  of  anti- 
HU  177  antibody  as  low  as  10  pig  per  mouse  three  times  per 
week  (data  not  shown). 

The  HU177  Epitope  Regulates  Angiogenesis  and 
Stromal  Cell  Accumulation  in  Ovarian  Tumors 

The  behavior  of  multiple  cell  types  within  the  tumor  micro¬ 
environment,  including  stromal  cells,  can  be  controlled  by 

r\  s'  Q  o _ on 

interactions  with  collagen.  Therefore,  we  examined 

apoptosis  within  control  and  anti-HU  17 7— treated  SKOV-3 
tumors  using  terminal  deoxynucleotidyl  transferase- 
mediated  dUTP  nick-end  labeling  staining.  An  approxi¬ 
mately  1.8-fold  increase  in  apoptosis  was  detected  within 
anti-HU  1 77— treated  tumors  compared  with  control  (data 
not  shown);  however,  because  of  variation  in  staining,  this 
increase  did  not  meet  statistical  significance.  Next,  we 
examined  cellular  proliferation  by  quantifying  Ki-67 
antigen  expression  within  these  tumors  growing  in  vivo. 


SKOV-3  tumors  from  anti-HU177  mAb— treated  mice 
exhibited  significantly  (P  <  0.05)  reduced  (25%  to  40%) 
Ki-67  expression  compared  with  no  treatment  or  control 
antibody,  respectively  (Figure  3A).  Given  previous  studies 
indicating  that  blocking  the  HU  177  epitope  selectively 
inhibited  endothelial  cell  adhesion  to  denatured  collagen 
type  IV  but  not  native  intact  collagen  type  IV1  and 
inhibited  angiogenesis  in  vivo,15  the  reduction  in  cellular 
proliferation  within  these  tumors  could  be  due  to  multiple 
mechanisms,  including  inhibition  of  angiogenesis  given  the 
known  role  of  angiogenesis  in  regulating  tumor  growth. 

To  examine  the  distribution  of  the  HU  177  epitope  in 
ovarian  tumors,  SKOV-3  tumors  were  co-stained  with  an¬ 
tibodies  directed  to  the  HUI77  epitope  and  CD31,  a  marker 
of  blood  vessels.  Although  the  HU177  epitope  was  detected 
in  association  with  some  CD31 -positive  vessels  (Figure  3B), 
it  was  more  extensively  associated  with  a-SMA— expressing 
fibroblast-like  stromal  cells  (Figure  3B).  Given  the  close 
proximity  of  the  a-SMA— expressing  stromal  cells  and 
blood  vessels  to  the  HU177  epitope,  it  is  possible  that 
a-SMA— expressing  stromal  cells  and  endothelial  cells  may 
interact  with  this  cryptic  collagen  epitope  and  regulate  their 
behavior.  Therefore,  we  analyzed  the  effects  of  anti-HU177 
mAb  treatment  on  SKOV-3  tumor  angiogenesis  and  the 
accumulation  of  tumor-associated  a-SMA— expressing 
cells.  A  significant  (P  <  0.05)  35%  inhibition  of  SKOV-3 
ovarian  tumor  angiogenesis  was  observed,  and  remarkably 
(Figure  3C),  a  70%  reduction  in  a-SMA— expressing  stro¬ 
mal  cells  was  also  detected  after  treatment  with  anti-HU  177 
antibody  (Figure  3D),  consistent  with  a  possible  role  for 
cellular  interactions  with  the  HU177  epitope  in  regulating 
accumulation  of  these  cells  within  the  tumor.  Collectively, 
these  findings  are  consistent  with  the  notion  that  reduced 
angiogenesis  and  a-SMA— expressing  stromal  cell  accu¬ 
mulation  may  contribute  to  the  anti-tumor  activity  observed 
after  selective  blockade  of  the  HU  177  collagen  epitope. 
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Figure  3  Analysis  of  SKOV-3  tumors  growing  in 
mice.  Mice  were  injected  s.c.  in  the  flanks  with 
SKOV-3  cells  and  after  a  5-day  incubation  period 
were  not  treated  (NT)  or  treated  i.p.  with  100  j. ig 
of  anti-HU177  or  100  jig  of  control  antibodies 
(Ab  Cont)  three  times  per  week  for  28  days.  A: 
Analysis  of  the  relative  levels  of  Ki-67  expression 
per  200 x  field  in  SKOV-3  tumors.  B:  Example  of 
co-expression  of  CD31  (green)  and  HU177 
epitope  (red)  in  untreated  SKOV-3  tumors  and 
co-expression  of  a-smooth  muscle  actin  (a-SMA) 
(red)  and  HU177  epitope  (green)  in  untreated 
SKOV-3  tumors.  C:  Mice  were  injected  s.c.  in  the 
flanks  with  SKOV-3  cells  and  after  a  5-day  incu¬ 
bation  period  were  either  untreated  or  treated  i.p. 
with  100  )ig  of  anti-HU177  or  Ab  Cont  three  times 
per  week  for  28  days.  Examples  of  tumors  from 
each  condition  stained  for  CD31  (red)  and  the 
quantification  of  tumor  angiogenesis  per  100 x 
field.  D:  Mice  were  injected  subcutaneously  in  the 
flanks  with  SKOV-3  cells  and  after  a  5-day  incu¬ 
bation  period  were  either  untreated  or  treated  i.p. 
with  100  |ig  of  anti-HU177  or  Ab  Cont  three  times 
per  week  for  28  days.  Examples  of  tumors  from 
each  condition  stained  for  a-SMA  (red)  and 
the  quantification  a-SMA— expressing  infiltrating 
stromal  cells  per  100 x  field.  Data  are  expressed  as 
means  ±  SEM  (A,  C,  and  D).  *P  <  0.05  compared 
with  controls.  Scale  bars  m  126  jim. 


SKOV-3  Tumor  Cells  and  Fibroblast  Exhibit  Enhanced 
Adhesion  and  Migration  on  Denatured  Collagen 

Previous  studies  have  documented  that  changes  in  the  native 
structure  of  ECM  proteins  can  alter  the  ability  of  cells  to 
bind  to  these  denatured  proteins  in  part  by  disrupting 
conformational  dependent  epitopes  required  for  cell  binding 
in  the  context  of  its  native  configuration  and/or  exposing 
previously  hidden  cryptic  binding  epitopes,  including  cryptic 
arginine-glycine-aspartic  acid— containing  sequences. 
However,  the  ability  of  distinct  cell  types  to  interact  with 
denatured  collagen  may  vary  widely  and  likely  depends  on 
multiple  factors,  including  the  expression  and  activation  of 
cell  surface  receptors  with  the  capacity  to  recognize  and  bind 
to  the  multiple  cryptic  epitopes  exposed  after  denaturation. 
To  examine  whether  cellular  interactions  with  denatured 


collagen  alter  cellular  behavior,  we  compared  SKOV-3  and 
fibroblast  adhesion  and  migration  on  native  and  denatured 
collagen.  A  small  but  significant  (P  <  0.05)  enhancement  of 
SKOV-3  (38%)  and  fibroblast  (29%)  adhesion  was  detected 
on  denatured  collagen  compared  with  native  collagen 
(Figure  4,  A  and  B).  In  similar  studies,  we  compared  the  basal 
migratory  capacity  of  SKOV-3  and  fibroblasts  on  native  and 
denatured  collagen.  Again  a  small  but  significant  (P  <  0.05) 
enhancement  of  SKOV-3  (34%)  and  fibroblast  (19%) 
migration  was  detected  on  denatured  collagen  compared 
with  native  collagen  (Figure  4,  C  and  D).  Although  these 
studies  do  not  specifically  indicate  that  the  enhanced 
adhesion  and  migration  of  the  cells  on  denatured  collagen 
depend  specifically  on  the  HU  177  epitope,  given  that 
multiple  cryptic  epitopes  are  exposed  after  denaturation, 
these  observations,  however,  indicate  that  interactions  with 
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Figure  4  SKOV-3  tumor  cells  and  fibroblast  exhibit  enhanced  adhesion  and  migration  on  denatured  collagen.  Nontissue  culture  wells  and  membranes  from 
transwell  migration  chambers  were  coated  with  5.0  |ig/ml_  of  native  collagen  (Nat-Coll)  or  denatured  collagen  (Den-Coll).  SKOV-3  cells  (A  and  C)  or  fibroblasts 
(B  and  D)  were  allowed  to  attach  or  migrate  on  either  native  or  denatured  collagen.  A:  Quantification  of  mean  SKOV-3  cell  adhesion.  B:  Quantification  of 
mean  fibroblast  cell  adhesion.  C:  Quantification  of  mean  SKOV-3  cell  migration.  D:  Quantification  of  mean  fibroblast  cell  migration.  Data  are  expressed  as 
means  ±  SEM  of  cell  adhesion  expressed  as  a  percentage  of  control  with  adhesion  on  native  collagen  set  at  100%  (A— D).  n  =  4  (A,  B,  and  D);  #7  =  3  (C). 
*P  <  0.05  compared  with  controls. 
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Figure  5  Blocking  the  HU177  epitope  inhibits  basal  adhesion  and  migration  on  denatured  collagen.  Nontissue  culture  wells  and  membranes  from  transwell 
migration  chambers  were  coated  with  5.0  pg/mL  of  native  collagen  or  denatured  collagen.  SKOV-3  cells  (A,  B,  E,  and  F)  or  fibroblasts  (C,  D,  G,  and  H)  were 
allowed  to  attach  or  migrate  on  either  native  or  denatured  collagen  in  the  presence  or  absence  of  50  pg/mL  of  anti-HU177  antibody  or  control  antibody  (Ab 
Cont).  A  and  B:  Quantification  of  SKOV-3  cell  adhesion  to  denatured  or  native  collagen  in  the  presence  or  absence  of  anti-HU177  or  Ab  Cont.  C  and  D: 
Quantification  of  fibroblast  cell  adhesion  to  denatured  or  native  collagen  in  the  presence  or  absence  of  anti-HU177  or  Ab  Cont.  E  and  F:  Quantification  of 
SKOV-3  cell  migration  on  denatured  or  native  collagen  in  the  presence  or  absence  of  anti-HU177  or  Ab  Cont.  G  and  H:  Quantification  of  fibroblast  cell  migration 
on  denatured  or  native  collagen  in  the  presence  or  absence  of  anti-HU177  or  Ab  Cont.  Data  are  expressed  as  means  ±  SEM  of  cell  adhesion  indicated  as  a 
percentage  of  control  with  no  treatment  set  at  100%  (A— D)  or  as  means  ±  SEM  of  mean  cell  migration  indicated  as  a  percentage  of  control  (E— H).  n  =  4  to  5 
(A  and  B);  n  =  3  to  7  (C  and  D);  n  =  4  (E  and  F);  n  =  3  to  4  (G  and  H).  *P  <  0.05  compared  with  controls.  NT,  not  treated. 


denatured  collagen  can  alter  the  behavior  of  SKOV-3  cells 
and  fibroblasts  in  vitro. 

The  HU177  Epitope  Regulates  SKOV-3  and  Fibroblast 
Adhesion  and  Migration  on  Denatured  Collagen 

Tumor  and  fibroblast  adhesive  interactions  with  denatured 
collagen,  which  are  present  within  the  microenvironment  of 
malignant  cancers,  may  regulate  tumor  progression.  Given 
our  studies  indicating  that  denaturation  of  collagen  can  alter 
the  adhesive  and  migratory  behavior  of  SKOV-3  cells  and 
fibroblasts,  we  examined  the  role  of  the  HU  177  collagen 
epitope  on  regulating  adhesion  and  migration  of  these  cells. 
Selectively  blocking  the  HU177  epitope  exposed  within  de¬ 
natured  collagen  significantly  (P  <  0.05)  inhibited  adhesion 
of  SKOV-3  cells  to  denatured  collagen  by  approximately 
40%  (Figure  5 A).  In  contrast,  the  anti-HU177  antibody  failed 
to  inhibit  adhesion  to  intact  collagen  (Figure  5B).  These  data 
are  consistent  with  previous  studies  that  report  a  selective 
inhibition  of  cellular  interactions  with  denatured  collagen 
given  that  the  anti-HU  177  antibody  does  not  bind  native 
intact  collagen. 15-18  In  similar  studies,  we  examined  the 
effects  of  targeting  the  HU177  epitope  on  fibroblast  adhesion 
to  denatured  collagen.  Similar  to  what  was  observed  with 
SKOV-3  tumor  cells,  blocking  the  HU177  epitope  signifi¬ 
cantly  (P  <  0.05)  inhibited  fibroblast  adhesion  to  denatured 
collagen  by  approximately  50%  compared  with  controls, 
whereas  this  antibody  had  no  effect  on  fibroblast  adhesion  on 
native  intact  collagen  (Figure  5,  C  and  D).  These  data 


indicate  that  the  ability  of  the  anti-HU  177  antibody  to  inhibit 
adhesion  is  restricted  to  those  circumstances  in  which  the 
HU177  epitope  is  generated;  thus,  the  anti-HU177  antibody 
does  not  alter  adhesion  to  intact  collagen,  thereby  allowing 
a  highly  selective  strategy  to  inhibit  adhesive  cellular 
interactions  with  denatured  collagen. 

Next,  we  examined  the  migratory  capacity  of  these  cells 
on  native  and  denatured  collagen.  Blocking  the  HU  177 
epitope  exposed  within  denatured  collagen  also  significantly 
(P  <  0.05)  inhibited  basal  migration  of  SKOV-3  and 
fibroblasts  by  35%  to  38%  (Figure  5,  E  and  F),  whereas 
migration  on  intact  collagen  was  not  effected  (Figure  5, 
E— H).  Interestingly,  although  blocking  the  HU177  epitope 
inhibited  adhesion  and  migration,  it  exhibited  little  effect  on 
the  growth  of  SKOV-3  cells  or  fibroblasts  on  denatured 
collagen  when  examined  in  vitro  (data  not  shown).  These 
studies  are  consistent  with  the  anti-HU177  antibody  having 
minimal  if  any  direct  antiproliferative  activity  on  fibroblasts 
or  SKOV-3  cells  on  denatured  collagen  in  vitro. 

Inhibition  of  Growth  Factor— Induced  Fibroblast 
Migration  by  Targeting  the  HU177  Epitope 

Accumulating  evidence  indicates  that  recruitment  of  acti¬ 
vated  and/or  cancer- associated  fibroblasts  may  facilitate 
tumor  growth  and  survival,  in  part  by  providing  an  important 
source  of  protumorigenic  factors,  including  IL-6. 2,5,6,38 
Although  it  is  clear  that  most  dermal  fibroblast  do  not  repre¬ 
sent  a  fully  accurate  model  of  cancer-associated  stromal  cells 
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Figure  6  Targeting  the  HU177  epitope  inhibits  growth  factor— induced  migration  and  Erk  phosphorylation.  Fibroblasts  were  resuspended  in  the  presence 
or  absence  of  SKOV-3  CM  (A)  or  fibroblast  growth  factor  (FGF)-2  (B)  in  the  presence  or  absence  of  50  fig/mL  of  anti-HU177  or  control  antibodies  (Ab  Cont).  A 
and  B:  Quantification  of  fibroblast  cell  migration  on  denatured  collagen.  C:  Western  blot  analysis  of  Erk  in  lysates  from  fibroblasts  seeded  on  denatured 
collagen  in  the  presence  or  absence  of  50  )ig/mL  of  anti-HU177  or  Ab  Cont.  D:  Quantification  of  mean  FGF-2— induced  Erk  phosphorylation  in  the  presence  or 
absence  of  anti-HU177  antibody  or  Ab  Cont  from  fibroblasts  seeded  on  denatured  collagen.  E:  Fibroblasts  were  resuspended  in  the  presence  or  absence  of 
FGF-2  and  in  the  presence  or  absence  of  Mek  inhibitor  and  allowed  to  migrate  on  denatured  collagen.  Data  are  expressed  as  means  ±  SEM  of  migration 
indicated  as  a  percentage  of  control  (A,  B,  and  E).  n  =  3  (A,  B,  and  E).  *P  <  0.05  compared  with  controls.  CM,  conditioned  medium;  NT,  not  treated. 


found  in  vivo ,  following  in  vitro  culture,  our  fibroblasts 
exhibited  phosphorylated  Erk  and  expressed  a-SMA  and 
platelet-derived  growth  factor  receptor  a,  important  markers  of 
CAF-like  stromal  cells  (data  not  shown).  Therefore,  we  used 
these  fibroblasts  as  a  model  of  a-SMA— expressing  stromal 
cells  and  examined  whether  blocking  the  HU  177  epitope 
could  alter  growth  factor— induced  migration.  Concentrated 
SKOV-3  CM  and  recombinant  FGF-2  stimulation  enhanced 
migration  on  denatured  collagen  (Figure  6,  A  and  B).  Impor¬ 
tantly,  addition  of  the  anti-HU  177  antibody  to  the  migration 
wells  significantly  (P  <  0.05)  inhibited  this  growth  factor- 
stimulated  response,  suggesting  that  not  only  can  the  HU  177 
epitope  play  a  role  in  the  basal  cell  migration  but  also  that  it  can 
help  regulate  growth  factor— mediated  motility. 

Previous  studies  have  indicated  that  FGF-2  stimulation  can 
initiate  a  complex  signaling  cascade,  leading  to  the  phos¬ 
phorylation  of  multiple  effector  molecules  and  transcription 
factors,  such  as  Erkl/2,  which  help  coordinate  the  complex 
events  required  for  cellular  migration.  Given  the  known 
role  of  FGF-2  in  regulating  Erk  activation,  we  examined  the 
effects  of  blocking  fibroblast  interactions  with  the  HU177 


epitope  on  FGF-2— stimulated  Erk  phosphorylation.  FGF-2 
stimulated  a  small  increase  in  Erk  phosphorylation  in  cells 
attached  to  denatured  collagen,  whereas  blocking  the  HU  177 
epitope  reduced  this  phosphorylation  (Figure  6C).  A  mean 
reduction  in  Erk  phosphorylation  from  four  independent  ex¬ 
periments  of  approximately  40%  was  observed  (Figure  6D). 
To  confirm  a  role  for  MAP/Erk  signaling  in  FGF- 
2— stimulated  fibroblast  motility  on  denatured  collagen, 
migration  assays  were  performed  in  the  presence  of  a  MEK 
inhibitor.  Addition  of  the  MEK  inhibitor  (PD98059)  signifi¬ 
cantly  (P  <  0.05)  blocked  FGF-2— stimulated  migration  on 
denatured  collagen,  suggesting  a  role  for  MAP/Erk  signaling 
in  regulating  this  migratory  response  (Figure  6E). 

Identification  of  Receptors  for  the  HU  177  Epitope 

We  previously  identified  the  repetitive  PGxPG-containing 
sequence  as  a  critical  component  of  the  HU177  epitope. 

In  addition,  other  studies  have  indicated  that  antibodies 
directed  to  the  HU  177  epitope  can  bind  to  a  variety 
of  distinct  PGxPG-containing  sequences  with  different 
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Figure  7  Integrin  a10Pi  binds  the  HU177 
collagen  epitope.  Wells  were  coated  with  dena¬ 
tured  collagen  (A,  C— E),  integrins  a10Pi  and  a3p! 
(B),  or  the  synthetic  HU177  epitope  peptide  or 
control  peptide  (F)  and  integrins  (A,  C-E)  or 
denatured  collagen  (B)  and  allowed  to  bind.  A: 
Integrin  binding  to  denatured  collagen.  B:  Binding 
of  denatured  collagen  to  immobilized  integrins.  C: 
Binding  of  oc10l3i  to  denatured  collagen  in  the 
presence  or  absence  of  anti-HU177  or  control 
antibodies  (Ab  Cont).  D:  Binding  of  a2pi  to 
denatured  collagen  in  the  presence  or  absence  of 
anti-HU177  or  Ab  Cont.  E:  Binding  of  av(33  to 
denatured  collagen  in  the  presence  or  absence  of 
anti-HU177  or  Ab  Cont.  F:  Integrin  binding  to 
synthetic  HU177  epitope  or  control  peptide.  G: 
Integrin  binding  to  denatured  collagen  in  the 
presence  of  synthetic  HU177  epitope  or  control 
peptide.  Experiments  were  completed  at  least 
three  times.  *P  <  0.05  compared  with  controls. 
NT,  not  treated;  0D,  optical  density. 


N-terminal  and  C-terminal  flanking  sequences  found  in 
collagen.  Given  that  a  number  of  variations  of  this  motif 
are  found  throughout  collagen,  it  is  possible  that  multiple 
receptors  may  have  the  ability  to  bind  to  these  cryptic  sites. 
To  this  end,  integrin  receptors  are  an  important  class  of 
molecules  known  to  mediate  cellular  interactions  with  ECM 
components  and  coordinate  signaling  cascades  that  govern 
cell  motility.  To  define  potential  cell  surface  receptors  for 
HU177  collagen  epitope,  we  examined  the  ability  of  various 
recombinant  integrins  to  bind  denatured  collagen.  Integrin 
a2Pi  and  avp3  dose-dependently  bound  denatured  collagen, 
whereas  a^  caused  minimal  interactions  (Figure  7A). 
Interestingly,  integrin  a10Pi,  a  collagen-binding  receptor 
with  a  limited  tissue  distribution  outside  of  cartilage, 
also  dose-dependently  bound  denatured  collagen.  To 
confirm  a10Pi  binding  to  denatured  collagen,  we  performed 
a  second  binding  assay  by  immobilizing  ai0Pi  on  microliter 
wells  and  examining  soluble  denatured  collagen  binding. 
Denatured  collagen  dose-dependently  bound  a10Pi  but  not 
a3Px  (Figure  7B).  To  identify  which  integrins  capable  of 
binding  denatured  collagen  have  the  ability  to  bind  the 
HU177  epitope,  we  examined  the  effects  of  blocking  the 
HU  177  epitope  on  integrin  binding.  Blocking  the  HU  177 
epitope  inhibited  a10Pi  binding  by  nearly  60%  (Figure  7C), 
whereas  a2Pi  binding  was  reduced  by  approximately  30% 
(Figure  7D).  Binding  of  avp3  to  denatured  collagen  was 
unaffected  (Figure  7E).  To  confirm  the  integrin-binding 


specificity,  direct  binding  to  the  synthetic  PGxPG- 
containing  HU  177  epitope  (PGF  peptide)  was  performed. 
Although  a2p!  bound  the  HU177  epitope,  a10Pi  exhibited 
fourfold  greater  binding,  whereas  avp3  failed  to  bind 
(Figure  7F).  Moreover,  the  PGF  peptide  also  partially 
competed  binding  of  ai0Pi  to  denatured  collagen  by 
approximately  60%  (Figure  7G).  Taken  together,  these 
findings  suggest  that  the  little  understood  integrin  a10Pi  can 
bind  the  HU  177  collagen  epitope. 

Integrin  a103i  Co-Localizes  with  a-SMA— Expressing 
Cells  in  Ovarian  Tumors 

Given  our  studies  indicating  the  ability  of  a10Pi  to  bind  the 
HU177  epitope,  we  examined  the  expression  of  a10Pi  within 
ovarian  tumors.  a10Pi  was  detected  within  human  ovarian 
tumors  and  SKOV-3  tumors  (Figure  8A).  Expression  of 
aioPi  was  associated  predominately  with  a-SMA— positive 
cells  as  suggested  by  extensive  co-localization  (Figure  8B). 
Although  minimal  levels  of  a10  integrin  protein  (Figure  8C) 
and  mRNA  (data  not  shown)  were  detected  in  SKOV-3  cells, 
greater  than  fivefold  higher  levels  were  detected  in  a-SMA— 
expressing  fibroblasts.  We  next  examined  the  effects  of 
blocking  a10Pi  on  fibroblast  migration.  Anti-a10  antibody 
inhibited  FGF-2— stimulated  migration  on  denatured  collagen 
(Figure  8D).  To  confirm  a  role  for  ai0Pi  integrin  in  fibroblast 
migration  on  denatured  collagen,  we  knocked  down 
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Figure  8  Expression  and  migratory  function  of  a10Pi.  A:  Example  of  expression  of  a103i  (green)  in  human  ovarian  tumor  biopsy  specimen  and  SKOV-3 
tumors.  B:  Example  of  co-expression  of  oc10l3i  (green)  and  a-smooth  muscle  actin  (a-SMA)  (red)— expressing  stromal  cells  within  SKOV-3  tumors.  C:  Anal¬ 
ysis  of  oc10Pi  expression  in  SKOV-3  cells  or  fibroblasts  (HF)  by  Western  blot.  D:  Quantification  of  fibroblast  growth  factor  (FGF)-2— induced  fibroblasts  migration 
in  the  presence  or  absence  of  anti-a103i  antibody  or  antibody  control  (Ab  Cont).  E:  Western  blot  analysis  of  relative  expression  of  a10  integrin,  aa  integrin,  or 
(3-actin  in  cell  lysates  from  nonspecific  control  knockdown  fibroblasts  (Con-Kd-HF)  or  a10  integrin  knockdown  fibroblasts  (a10-Kd-HF).  F:  Quantification  of  FGF- 
2— induced  migration  of  wild-type  (WT-FIF),  a10  integrin  knockdown  fibroblasts  (a10-Kd-HF),  or  nonspecific  control  knockdown  fibroblasts  (Con-Kd-FIF)  on 
denatured  collagen.  G:  SKOV-3  cell  proliferation  in  the  presence  of  control  or  fibroblast  conditioned  medium  (CM).  H:  Western  blot  analysis  for  Ki-67  in  lysates 
of  SKOV-3  cells  treated  with  fibroblast  CM.  I:  SKOV-3  proliferation  in  the  presence  or  absence  of  fibroblast  CM  and  in  the  presence  of  anti — IL-6  or  control 
antibodies.  All  experiments  were  completed  at  least  three  times  with  similar  results.  Data  are  expressed  as  means  ±  SEM.  n  =  3  (D  and  F).  *P  <  0.05  compared 
with  controls.  Scale  bars  =  63  |im.  Original  magnification,  x200  (B).  NT,  not  treated. 


expression  a10Pi  integrin  in  these  fibroblasts  using  a10- 
specific  shRNA.  The  relative  levels  of  aio  protein  were 
reduced  by  approximately  70%,  whereas  little  change  in  olx 
integrin  chain  or  actin  was  observed  (Figure  8E).  Next,  we 
examined  the  ability  of  fibroblasts  expressing  altered  levels  of 
aio  integrin  to  migrate  on  denatured  collagen.  Although  little 
if  any  change  was  observed  in  control  transfected  fibroblasts 
compared  with  wild-type  parental  cells,  knocking  down  a10 
integrin  significantly  (P  <  0.05)  inhibited  fibroblast  migration 
on  denatured  collagen  by  approximately  60%  compared  with 
controls  (Figure  8F). 


Given  these  results,  it  is  possible  that  the  reduction  of 
a-SMA— positive  stromal  cells  observed  after  anti-HU  177 
treatment  leads  to  a  reduction  in  an  important  source  of 
protumorigenic  cytokines  that  facilitate  tumor  growth  and 
angiogenesis.  To  this  end,  we  examined  whether  CM  from 
a-SMA— expressing  fibroblasts  might  contain  soluble  fac¬ 
tors  that  enhance  SKOV-3  cell  growth.  Fibroblast  CM 
enhanced  proliferation  and  Ki-67  antigen  expression  in 
SKOV-3  cells  (Figure  8,  G  and  H).  These  results  are 
consistent  with  the  ability  of  soluble  factors  released  into  the 
conditioned  medium  of  these  ai0Pi -expressing  fibroblasts  to 
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enhance  SKOV-3  tumor  cell  proliferation  in  vitro.  To 
characterize  potential  protumorigenic  factors  expressed  by 
these  a-SMA— positive  fibroblasts,  concentrated  serum  free 
CM  was  screened  using  a  multianalyte  cytokine  array  for 
expression  of  12  different  cytokines.  Among  the  cytokines 
that  were  expressed  at  the  highest  levels  was  IL-6 
(Supplemental  Table  SI).  Interestingly,  IL-6  enhances 
growth  of  ovarian  carcinoma  cells  ,5°;  thus,  we  examined 
whether  this  protumorigenic  cytokine  played  a  functional 
role  in  mediating  the  ability  of  a-SMA— expressing  fibro¬ 
blast  CM  to  stimulate  proliferation  of  SKOV-3  tumor  cells. 
Fibroblast  CM  significantly  enhanced  SKOV-3  tumor  cell 
proliferation,  and  a  function-blocking  antibody  directed  to 
IL-6  inhibited  this  response  (Figure  81).  These  data  are 
consistent  with  a  role  for  IL-6  expression  from  fibroblasts  in 
promoting  SKOV-3  tumor  cell  growth.  Taken  together, 
these  findings  suggest  the  possibility  that  a-SMA— 
expressing  fibroblasts  may  serve  as  an  important  source  of 
protumorigenic  factors  that  facilitate  SKOV-3  tumor  growth 
and  that  selectively  reducing  accumulation  of  a-SMA— 
expressing  stromal  cells  by  inhibiting  the  interactions  of 
these  cells  with  the  HU  177  collagen  epitope  may  contribute 
to  the  potent  antitumor  activity  observed  in  vivo. 

Discussion 

The  array  of  mechanisms  by  which  stromal  cells,  such  as 
endothelial  cells  and  activated  a-SMA— expressing  fibro¬ 
blasts,  govern  the  malignant  phenotype  are  diverse  and 
include  providing  proteolytic  enzymes  that  alter  the 
biomechanical  properties  of  ECM;  the  release  of  protu¬ 
morigenic  factors  that  act  on  both  tumor  and  other  cell  types 
to  alter  their  growth,  survival,  and  migratory  behavior;  and 
the  release  of  molecules  that  influence  the  host  immune 
response.  Thus,  selectively  blocking  the  accumula¬ 

tion  of  protumorigenic  stromal  cells  in  malignant  lesions 
likely  represents  an  important  therapeutic  strategy.  Although 
targeting  stromal  cells  may  provide  a  complementary  strat¬ 
egy  for  tumor  therapy,  it  remains  challenging  to  selectively 
target  them  without  disrupting  their  activity  in  normal 
tissues.  The  ECM  represents  an  active  control  point  for 
multiple  mechanisms  critical  for  regulating  stromal  cell 
behaviors,  ranging  from  migration  and  proliferation  to  gene 
expression.  Therefore,  inhibiting  stromal  cell— ECM 
interaction  that  selectively  limits  the  accumulation  of  pro¬ 
tumorigenic  stromal  cells  in  malignant  lesions  might 
represent  a  useful  strategy  to  control  tumor  progression. 

We  found  that  the  HU  177  collagen  epitope  is  abundantly 
generated  within  ovarian  carcinomas  compared  with  benign 
ovarian  lesions.  Importantly,  previous  studies  have  indicated 
that  proteolytic  enzymes,  such  as  matrix  metalloproteinase, 
can  contribute  to  generation  of  the  HU  177  epitope  in  vivo. 
We  provide  evidence  that  this  cryptic  collagen  epitope 
played  a  role  in  SKOV-3  tumor  growth,  and  these  findings 
are  consistent  with  a  clinical  trial  that  assessed  tolerability 


and  toxicity  of  mAb  D93/TRC093.  Results  of  this  study 
suggested  no  dose-limiting  toxic  effects  and  evidence  of 
antitumor  activity  because  a  patient  with  an  ovarian  cancer 
had  a  reduction  in  metastatic  liver  lesions.  Although  all 
cancers  eventually  progressed,  26%  of  patients  had  disease 
stabilization,  and  a  patient  with  hemangiopericytoma,  a 
tumor  known  to  be  highly  infiltrated  with  stromal  cells,  had 
stable  disease  for  nearly  a  year.20 

Consistent  with  previous  findings  the  anti-HU  177 
antibody  inhibited  tumor-associated  angiogenesis.  These 
data  are  in  agreement  with  previous  studies  that  indicate  that 
targeting  the  HU  177  epitope  could  selectively  inhibit  endo¬ 
thelial  cell  adhesion  and  migration  on  denatured  collagen, 
inhibit  proliferation,  up-regulate  expression  of  P27KIP1,  and 
inhibit  angiogenesis  in  vivo }  Surprisingly,  our  new  studies 
now  indicate  that  targeting  the  HU  177  epitope  can  also 
reduce  the  accumulation  of  a-SMA— expressing  stromal  cells 
within  SKOV-3  tumors.  Targeting  the  HU177  epitope 
inhibited  SKOV-3  and  a-SMA— expressing  fibroblast  adhe¬ 
sion  and  migration  on  denatured  but  not  intact  collagen, 
thereby  specifically  limiting  the  effect  of  this  therapeutic 
agent  to  those  tissues  that  express  the  HU  177  epitope.  FGF- 
2— induced  fibroblast  migration  on  denatured  collagen  was 
dependent  in  part  on  MAP/Erk  signaling  because  inhibition 
of  MAP/Erk  signaling  blocked  this  migratory  response. 

Cell  migration  is  governed  by  a  complex  and  integrated  set 
of  signaling  events  that  are  coordinated  in  part  by  the  unique 
composition  and  integrity  of  the  local  ECM.  However,  the 
mechanisms  by  which  cells  sense  the  structural  changes  in 
the  integrity  of  a  given  ECM  environment  during  tumor 
growth  to  facilitate  cellular  motility  induced  by  growth 
factors  are  not  completely  understood.  In  fact,  inappropriate 
and/or  enhanced  migration  may  contribute  to  tumor  cell 
invasion  and  metastasis  as  well  as  the  accumulation  of 
CAF-like  stromal  cells  that  contribute  to  tumor  progression. 
Integrin-mediated  interactions  with  ECM  proteins  are 
known  to  initiate  assembly  of  multiple-protein  complexes 
that  coordinately  regulate  downstream  signaling  cascades, 
including  Shc/Grab2/Ras  and  Fak/Src/Rapl  pathways  that 
can  activate  MAPK/Erk  signaling.  Our  novel  finding  sug¬ 
gests  that  FGF-2  can  enhance  the  phosphorylation  of  Erk  in 
a10Pi -expressing  fibroblasts  and  a  function-blocking  anti¬ 
body  directed  to  the  HU  177  cryptic  collagen  epitope  inhibi¬ 
ted  Erk  phosphorylation.  Given  that  MAPK/Erk  signaling 
plays  a  role  in  the  ability  of  a10Pi-expressing  fibroblasts  to 
migrate  on  denatured  collagen  and  the  fact  that  denatured 
collagen  selectively  generates  within  the  tumor  microenvi¬ 
ronment,  it  would  be  interesting  to  speculate  that  the 

selective  generation  of  the  HU  177  epitope  within  the  ovarian 
tumor  microenvironment  may  help  facilitate  enhanced  acti¬ 
vation  of  Erk,  which  may  promote  stromal  cell  migration  and 
subsequent  accumulation  in  tumors.  Although  multiple  pro¬ 
tein  kinases  contribute  to  the  phosphorylation  of  Erk,  the 
precise  molecular  mechanism  by  which  cellular  interactions 
with  the  HU  177  epitope  regulates  FGF-2— induced  activation 
of  Erk  is  not  known.  Studies  are  currently  under  way  to 


The  American  Journal  of  Pathology  ■  ajp.amjpathol.org 


28 


1659 


Caron  et  al 


define  which  kinases  and/or  phosphatases  might  contribute  to 
the  FGF-2— mediated  regulation  of  Erk  after  interactions  with 
the  HU  177  collagen  epitope. 

Given  the  reduction  in  a-SMA— expressing  cells  in 
tumors  treated  with  anti-HU177  antagonists,  selectively 
inhibiting  migration  of  this  population  of  stromal  cells  may 
limit  a  major  cellular  source  of  protumorigenic  factors  that 
play  multiple  roles  in  facilitating  tumor  cell  survival  and 
proliferation  in  vivo.  In  this  regard,  fibroblasts  are  known  to 
express  many  protumorigenic  factors,  including  IL-6,  which 
has  been  previously  found  to  enhance  proliferation  of  ovarian 
carcinoma  cells.  Consistent  with  these  findings,  our 

studies  suggest  that  blocking  IL-6  inhibited  fibroblast  CM- 
induced  SKOV-3  cell  growth.  Given  these  findings  and  the 
high  levels  of  IL-6  expressed  by  fibroblasts,  our  data  are 
consistent  with  a  mechanism  by  which  targeting  the  HU  177 
epitope  selectively  limits  accumulation  of  a-SMA  fibroblasts, 
thereby  reducing  an  important  source  of  protumorigenic 
factors  that  enhance  angiogenesis  and  tumor  growth. 

We  provide  new  evidence  that  the  little  understood  integrin 
aioPi  functions  as  a  receptor  for  the  HU  177  collagen  epitope  in 
fibroblasts.  Given  the  variations  within  the  HU  177  PGxPG 
consensus  site  and  the  possibility  of  unique  geometrical  con¬ 
figurations  and  distinct  flanking  amino  acid  sequences  found 
in  vivo ,  it  is  possible  that  additional  receptors  may  also  recog¬ 
nize  the  HU177  epitope.  Interestingly,  little  is  known  about  the 
functions  of  a10Pi  outside  chondrocyte  and  growth  plate 
development.  However,  ai0  mRNA  has  been  detected  in 
murine  heart,  muscle  tissues,  and  endothelial  cells.  Studies 

suggest  that  FGF-2  stimulation  of  mesenchymal  stem  cells  leads 
to  up-regulation  of  ai0.  Moreover,  mesenchymal  stem  cells 
have  also  been  implicated  as  potential  sources  of  a-SMA— 
expressing  CAF-like  cells  in  tumors.  In  addition,  studies  now 
suggest  enhanced  expression  of  a10Pi  in  melanoma  cell  lines 
compared  with  primary  melanocytes  and  inhibiting  a10Pi  in 
these  cells  resulted  in  a  reduced  migration. 

Given  the  ability  of  a10Pi  to  bind  the  HU177  epitope,  our 
data  agree  with  a  novel  mechanism  by  which  generation  of 
the  HU  177  epitope  provides  a  previously  unrecognized 
ligand  for  a  10 Pi -expressing  stromal  cells  that  facilitates  FGF- 
2— induced  activation  of  Erk  and  subsequently  the  accumu¬ 
lation  of  a-SMA— positive  stromal  cells  in  ovarian  tumors.  In 
turn,  the  selective  reduction  in  accumulation  of  this  cell 
population  by  anti-HU  177  antibody,  in  conjunction  with  its 
previously  described  antiangiogenic  effects,  likely  contributes 
to  its  potent  antitumor  activity.  Taken  together,  our  findings 
provide  new  cellular  and  molecular  insight  into  the  roles  of 
the  HU  177  cryptic  epitope  in  ovarian  tumor  growth  and 
provide  new  mechanistic  understanding  of  the  therapeutic 
effect  observed  in  humans  treated  with  mAb  D93/TRC093. 

Supplemental  Data 

Supplemental  material  for  this  article  can  be  found  at 
http://dx.  doi.  org/1 0. 1 01 6/j.ajpath.201 6.01.015. 
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